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PREFACE. 



HYDRAULIC ENGINEERING. 

^he first edition of the " Budimeiitary TreatUif 

■ n Civil Engineering," the plan upon whicli the wh{rf 
subject was treated had been drawn up on such pri 
ciples as to render necessary, in a manner, the ( 
cuseion of many questions connected with the ; 
of Hydranlic Engineei-ing in the general body of the 
work. It would, perhaps, be difficult to define exactly 
tlie limit of demarcation between the duties of the 
■ i^dl and of the hydraulic engineer, if indeed any 
ilistinction between the two professions be recognised; 
so that even in repi'oducing the portion of the Treatise 
especially devoted -trf the lAtter "divisiott oi the subject, 
in a separate form, BJUch. of, the original confusion 
jiiuet still exist. An atter-iot has, however, been made 
r.i bring together in the following.' pages the considera- 
Unu of the bulk of the'Subjtfcta especially connected 
with building in water, or with the applications of that 
fluid ; and, to some extent, to make this Rudimentary 
Treatise, as far as possible, complete in itself. But it^ 
i!)uat be observed that, firstly, the discussion of suoj 
subjects as those of bridge building would. iOTolst 




repetition of a large portion of the work already 1 
well performed by Mr, Law; and, secondly, that i 
enquiiy into the best methods of improving rivers, d 
of establishing canals, or into the laws of the resistar 
and movement of fluids, would lead to such ai 
sion of this Treatise, as to render it advii 
depart, in some cases, even from this more recent prJ 
gramme. It is for these reasons, therefore, that t 
reader is still referred to jMr. Law's " Eudiments ( 
Civil Engineering " for the technical details connect^ 
with bridge building; and that Mr. "VVeale has i 
quested me to devote separate Treatises to some i 
the other branches of hydraulic engineering whc^ 
importance appeared to warrant the distinction ; bij 
nevertheless, it has been my object to render the whcj 
work as uniform and complete, aaid as fi'ee from repi 
titions, as possible. 

It is far from being my intention to claim any mei 
on the score of the originality of the following pagee, 1 
Indeed it is more than questionable, whether the I 
author of a Kudimentary Treatise^ be entitled, under I 
any circum3taQC^9i''i4.' venture ^pdn the insertion, in I 
such works,-" ef opihiOn8_^;9r.{i£ doctrines, which i 
susceptible of dispute. :3t:i3 liis province to record 
the universally .re^sivftd -thsro^eEt on the subjects be 
treats, and he is 'fthus-"dftb{iF«3'"from the expression of 
opinions wliich may hereafter be proved to he incorrect. 
With such convictions then, I have carefully avoided 
the introduction of controverted doctrines, and have 
imhesitatingly resorted to tlie common fund of scientific 
knowledge to be found in the writings of the most 



iqmed aufJiors. Wherever it has been possible th*:! 
les of those authors have been quoted ; but no 
iloubt many involuntary omissions have been made in 
tliis respect. The names of the authors consulted in 
the preparation of this work arcj therefore, added in a 
special Appendix ; and the more importance is to be 
attached to this list, inasmuch as it will (it is hop( 
serve to guide the student in his future rea< 
There is great truth in the maxim, " Scire ubi aliqi 
invenire possis, maxima pars scientite est;" and 
umy be that the insertion of the Bibliography 
Hydraulic Engineering would enable the reader 
•ujjply the deficiencies of this work itself. Jt happens' 
limt the majority of the best books on subjects con- 
-f'lted with hytlraulicB generally are written in foreign 
Jiinguftges; and perhaps it may be to this fact, that we 
owe the singular ignorance of educated Englishmen 
upon the subject. A seiies of translations, like Mr. 
Bennett's able translation of d'Aubuisson's Hydran- 
lique, would be of gi-eat value, and might induce even, 
our legislators to pause before they meddled with 
subjects they are apparently so httle able to conipre- 
head. In the meantime a mere list of these authors 
will be of use. 

That, in fact, our legislators are often misled in 
tliese matters, must be evident to any one who recalls 
In- history of the "Sanitary Movement," as it is 
iillcd, within the last few years. It would be difficult. 
' siiy how this unfortunate tendency is to be effectually 

liibated ; but, at any rate, it is the duty even of the 
ttriMr oi ft fiudimentary Treatise, to ca.M ^XXe'o.'ao't^ X 
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the most fla^^rant of the mistaken theories whidi 
vail ill high, or authoritative, quarters. In tJie seel 
of the following little work devoted to the considefa 
of town sewerage, and town water supply, an 
has therefore been made to divert public atteo 
&om the incorrect doctrines lately promulgated ' 
authority" on such subjects, and to direct that al 
tion to the writings of the men who really knew sO 
thing of the laws (both natural and municipal) W 
affect those branches of hydraulic eu^eering. 
courae it would be impossible to exhaust snch in^ 
gations in a merely preliminary treatise ; and for- 
reason again, it has become important to place be 
the pubhc such indications of the best sourcei 
information, as may enable it to complete what 
herein be deficient. The necessity which unfortmu 
exists for attacking some of the doctrines recently 
pounded by the very branches of administration w 
profesa to " guide public opinion," may, however, 
to some portions of the following work somewhat 
mtroversial nature. This is much to be regretted 
■d, as far as possible, I have sought to avoid such 
icussions, and have only inti'oduced tliem when >' 
appeared to be absolutely necessary so to do, in orde! 
to resist the diffusion of mischievous error. Singularly 
enough one of the members of a recent ministry waf 
actively concerned in the promulgation, in a neighb( 
ing country, of some of the absurd nonsense with 
ispect to these subjects of sewerage and water supplj 
'hich has cost ns bo very dear. It behoves al 
eers, tlien, to record their protest against th< 
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tlieories and practices so recommeiided, and 
iitliersj if possible, from the bitter disappointi 
■ hich they would infallibly encounter if tbey followed 
■ni;k blind guides. Besides tlus cosmopolitan motive 
'■'!■ alluding to the errors of our rulers, it is now, more 
Imu ever, important to induce the public to revert to 
Hind doctrines on many points connected with the 
il'plication of the physical sciences; for the evil con- 
ii]uences of the mistaken principles lately applied toi 
i'wa sewerage especially, are be^nning to produce 
li'iirful results. The state of the Thames and of 
NiiDy of our great rivers, indeed, is such as to inspire 
■ ' l!-founded apprehension, and also, I fondly hopi 
' aruest desire on the part of the public to hear any. 
' oiiscientious opinion as to the meaaurea requisite, 
I ilber for the prevention, or for the remedy of evils soii 
imminent, and so enormous. 

In this edition of the Rudiments of Hydraulie' 
fiiigineering, an attempt has been made to embody 
uur present knowledge of the Chemisti-y of Building; 
materials with the other portions of the theory of thai 
Ijranch of the profession. This section is, in fa( 
little else than a condensation of a paper read byj 
'lijself at the Institute of British Architects, and 
T' article on Atmospheric influence inserted in thM 
f'ictionary of technical terms," published by the- 
\ rchitectural Publications Society, It is avowedly 
■iromplete; because hitherto very little attention has 
ni^ii devoted to the subject, and there is little satis- 
lit.nry knowledge thereon to be discovered in the: 
. St treatises on Engineeiing, The inaettvoii. 
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section may therefore, it is hoped, call the attention of 
more able enquirers to an investigation of such vital 
importance. Of late years also the operations of both 
English and Foreign well sinkers have thrown so modi 
light on the subject of the internal constitution of Hid 
Globe as to render it desirable to extend the short 
notice originally given upon Artesian wells ; and the 
brilliant success of the operations of the Belgian 
Government in the irrigation of the Gampine, and of 
the late East India Company in its dominions, has 
appeared a sufficient justification for the references to 
them. With all possible care and attention, however, 
a work of such a wide range as a Budimentary Treatise 
on Hydraulic Engineering must ever be incomplete ; 
and, at best, its only merits must consist in the earnest ; 
endeavour of its writer to place before the student, in 
an intelligible form, the truest statement of the uni- 
versally admitted laws affecting that noble profession. 



lYDKAULIC ENGINEERING. 



CHAPTER I. 



^HE details of Engiueeriug practice which arw 

Icted either with the apphcatiou of water, < 

ihe reBiBtance to its effects, have usually beenJ 

Rered to form part of an impoi-taut subdivision of J 

sneral body of the sciences applied to that pro- T 

tx; and they have been distinguished by the- J 

sc name of Hydraulic Engineering. Very atrongB 

'^■jijctions might be raised to this name, for its deriva-Tl^ 

!j would certainly indicate that it cannot logically hei 

; !'iiL'd to the bulk of the subjects which it has beenJ 

; 'Ip to express ; but the use of the word, in the sensfti 

'lied to, is now so general that there would beJ 

■iJL^or in attempting to alter it, or to substitute anotherfl 

■ Its stead. In the following treatise, therefore, the in-sj 
117 into the principles of Hydraidio Engineeriu 

1^1 be considered to include the discussion of th«j 
iijus questions connected with building in water foH 

i .never purpose, and also of those connected with 
use of water commercially, agriculturally, or fopJ 
iiiicipal requirements. It will thus be necessary tol 
:mine, with more or less detail, the principles to 1 

-< rved in the construction of bridges, canals, docks,.] 

■ Iinurs, lighthouses, sea walls, &c. ; in the e'x&tvi.M\.«i 
iioi'ks of drainage, warping, irrVgalion, ^^-wexw 



^ntar supplj. livei impTCTenttiiX, KcUnnag ^ 
Kc.; or, is fact, to investigite the T ig in « i 
Btaoeea undo- vbich it mxf be DceessHry to ii 
Bootrol, or to distnbate vater. 
f 3. The bydnnlie ei^ine»', r& the tem is 
Texphaaed, is thas called upon to ascertaia the 
Ijncal laws, and the chemical or phvsicvl 
ftirater. and of the Tarioos materials exposed 
bction. Before, therefore, directing atteoti*Hi 
■practical details of the Taiicas descriptions of 
■named above, it is expedient to state briedy the lai 
■properties thus referred to, or to gire a slight skc 
Klhe scieoces of hydrostatics, hydraulics, pneiui 
■and of some parts of that of appUed chemistry. 

I HYDROSTATICS. 

I 3. Under the generic name of HniRODYNAMrd 
KiDcludcd, firstly, Hydrostatics, or the laws i 
■pressure of water when atrest; and secondly, HnJ 
■LI08, or the laws of water in movement. WaJ 
■considered, in the reasoning usually adopted 
Vthese subjects, to be an incompressible fluid, 
■molecules are assumed to exist in a state of c< 
■flo sligtit that tliey are Busceptible of being mof 
■Uny direction (unless restrained by external obj 
Kvritliout experiencing any sensible resistance. B; 
udditioit, or subtraction, of beat water change 
nthyBical condition ; becoming, in the former c 
Belastic and compressible vapour; and, in the lat 
^■olid body, subject to all the ordinary laws of 
Ibodtes. Hydraulic engineering is principally c 
tto the opemtions in which water acts as an incon 
lublo fluid, altbitugli occasionally it is essential to 
■into acoouut the various effects produced by, o 
mSsff, ita changes of state. 



HYDROSTATICB. 

Perfectly pure water at its mnximura density 
& taltes place when the temperature is 39-a° Fah- 
3ieit), weighs 62 Ihs. 5 oz. per cubic foot; and its 
specific gravity is usually considered to be represented 
"■1* tliat quantity. Above 39'2° water gradually and 
■'.ly diminishes in its specific gravity with great 
-iiLuity ; and a similar diminution, but of a more 
iiiugular character, takes place when the temperature 
falls below the point bo named. If the specific gravity 
of water at 3y'2° be taken as unity, that of water at 122° 
iiill be 0-98708, and that of water at 212° will be 
D'DoOTO ; whilst the specific gravity of ice itself does' 
not exceed 0'930. It is in consequence of this decrease 
in the specific gravity of ice, below that of water, that 
the former rises to the surface, and thus to some extent 
protfitts the water beneath it from frost. 

■ >, The salts which are contained in water affect its 
. iSc gravity to a ti'ifling extent in ordinary spring or 
1- waters, and to rather a more appreciable extent in 

'■:■ liL' of the sea. Taking distilled water as the type, 
tillered river water, when free from mechanical im- 
riirities, does not differ from it in weiglit to the extent 
I'i'iiore than from 1 to 3 parts in 10,000. Some accu- 
'" observations made upon the waters of the Garonne 

■wedthat its waters had a specific gravity of 1"00014; 

: siraiiar observations upon the waters o£ the Seine 

■ l: as neai-ly as possible the same results. Rivers, 
;: as the Nile during the floods, or the Ganges when 
'111? hill, bring down remarkably large quantities of 
I. lid matter; and indeed it would appear, from the 

■ ivations of Mr, Piddington, that the mean specific 
-ity of the latter, as compared to that of pure 
illed water, is not less than 1'00153, Sea water is, 
. ■- ver, still heavier ; its specific gravitj is b.\, Mv\o.ea 
lot weighs 64 lbs. %\oi'. 



HTDHOST ATICS ■ 

, In stating above that water is incompreSBibla! 
toagt be underBtood that the term is only applied in 
Jractical sense, "Water ia in fact compressible, br 
very slightly, that the diminution under the pressiu 
of one atmosphere is only about 0"000046 of it 
original volume. It hardly ever happens that th 
operations of hydraulic engineers are carried o: 
under circumstances to render it necessary to notic 
this variation in the density of water ; and, indeed 
insomuch as water does not vary in its specific gravit; 
at ordinary temperatures, or under ordinary mechanics 
conditions, within a wider range than 0'9984 or O"90l 
of its normal gi-avity taken as unity, there caji be ni 
reason for considering it otherwise than as a fluid of i 
uniform character possessing the following mechanica 
properties. 1, It is incompressible ; 2, its molecule 
are susceptible of free motion in every direction; 3 
it communicates equally throughout its mass, the pres 
sure exercised upon any particular point; i, in an; 
definite Uquid mass any molecule supports in e ver; 
direction a pressure equal to the weight of a vertioa 
coIijSn of similar molecules, starting from it, and eon 
tinning to the surface of the liquid. From the lattc 
property of incompressible fluids many important law 
of hydrostatics are derived; these are, 

a. Every layer, or horizontal film of a homogeneou 
liquid mass, supports an equal pressure on every pai 
of its surface ; 

b. The sum of the pressures supported by any hoi": 
zontal film is equal to the weight of the liquid cylindc 
or prism, whose base is the surface of the layer, an 

I whose height is the distance from this layer to th 
■upper surface of the fluid mass ; 

c. The pressure exercised upon any portion of 
ipot^ning surface, whether horizontal, yerticaJ 



ical^ 



HYDROSTATIOa, 

cliiied, is perpendicular to that surface ; for thi 
; !'! ssure must be resisted by the containing body, and 
!".■ surface of the latter can only resist perpendicularly 

I its own direction ; the pressure thus exercised is 
iiiiil to the weight of a liiiuid column having for ita 

: i->f the portion of the surface iinder consideration* 
'inl for its height the distance froin that portion io the 
lurface of the fluid ; 

d. The pressures being equal upon all the points of 
the lower horizontal surface of a vessel containing a 
laid, the total pressure supported by that surface is 

;iiiil to that of the column whose base is the sui-faee 
' Ai, and whose height is the distance between it and 
■-■;■ upper surface of the fluid: so that this pressure- 
>iiiiid remain the same whatever were the form of th< 

:ssel, provided that the area of the bottom, and th< 
i: ight of the liquid did not vary. 

7. The above laws furnish the means for calculating 
■■■1^ resistances which vases, or containing substance* 
!:!:i3t ofl'er to the pressure exercised upon them by a 
'iiiii, Thus : when a vase with a circular horizontal 

tiiun, small in proportion to the height, contains 

■iter, each horizontal ring is pressed, on all its points, 
■y the coIuiSnof waler'Ert)Ove"1t.'~"Now, as m"ffie casft 
■Tu'ii all the' polllty ijf a circTe" are equally pressed in 

II outward du-ection, the effects of this pressure to 
i iiie out the containing sides of the circle are propor- 
■'inial to the intensity of the force acting upon 
I'-mt, and to the radius of the circle itself, it follows 
"'A the effort of a fluid to hurst a circular vase 
I'i'iEfOrtional to the distance of the ring under coi 
■iileration from the surface, and to the radius of the! 
■■ise. Evidently, under these circumstances, the thick- 
iii.aa of the containing sides of the supposed cylmdT\t»i 

^se ought to be increased in proportioti. to ^a S.e\f&ii 
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^^^^^ HYDROSTATICS. 

^Bo the sui'face of the fluid tbey may contain, every 
^^bortion of the sides and bottom would be affected h 
^Bt is of tbe utmost importance that attention ahoul 
^Hpaid to these laws in calculating the dimension 
^Bx>nstnictions intended to hold or to resist the actio 
^Bai'ge bodies of water, such as reservoirs, sluices, < 
^fttnd it may be convenient to remember, that the J 
^Rsure of fresh water is nearly 13 lbs. upon every bc[ 
^Ksch of horizontal surface at the depth of 30 feet, 
^Kso in proportion for greater or less depths of watet 
^M I'i. If still water be contained in vessels comm 
^Boating freely witli one another by raeana of tube 
^Klias sages of considerable dim.ensionB, evidently 
^B equilibrium of pressure cannot exist unless the w 
^Kstand at the same level in all of them; or, in othi 
^f words, the pressure arising from the weight of a flui 
" being proportional to its height, and being equal 
ti'ansmitted in every direction, the surface must alwai 
be at the same level in all vases communicating wii 
one another. It is upon this law of the equihbrium i 
liquids in communicating vessels that the details ■ 
works for the connection of reservoirs are calculated. 

»13. But the law in question only holds good wht 
the communication is of considerable sectional are 
and the water is retained in the supposed veaseli 
when tbe passage is very small, the equilibriu 
becomes affected by a new power, known by the nan 
of " the capillary action." This action may, jndee 
be observed whenever a body is immersed in water, f 
the latter either rises or falls round it ; and, accordii 
. the body may be raised or depressed, the wat 
J itself assumes a concave or convex form. There,^ 
rfew substances in nature which do not possesfrt 
jiower of producing this phenomenon: polished 1 
i of the most remarkable excepn 
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^^m Bydbobtatics. T^H 

^^ftvhen a bar of that metnl is plunged into vate^H 
^^Buid retains its level at the point of contact wit^l 
^^■nirface of the steel. Sut, of course, the effects of 
^^BLlary action are only feebly displayed when the 
^^Bsed surface of the fluid is comparatively large; 
^^Bed, the very term capillajy action (or that variation 
^^ne ordinary laws of Hydrostatics observable in 
^^Hl tubes whose diameters do not much exceed the_ 
^Bensions of a hair), implies that it takes effec 
^^Beipally in small tubes. 

^^H. lu fact, the energy of the capillary action deper 
^^Vmnch upon the form, distance apai't, and disp* 
^^■fif the sides of the tubes which excite it. In minu^ 
^^■drical tubes, for instance, it is greater than it i» 
^^palic tubes ; and in both descriptions it is greater 
^^B when the action takes effect between parallel 
^^Bs. The elevation, or depression, in cylindrical 
^^^B IB in the inverse ratio to their diameter ; in pris- 
^^Bc tubes it is in the inverse ratio of the wet contour 
^^pe horizontal section ; whilst in the case of parallel 
' Hates, it is in the inverse ratio of their diBtaao^fl 
■ niider. The surface of the fluid between the plate 
IS perceptibly a de mi- cylinder, with a semicircula) 

ibase, whose axis is hoiizontal ; in a cylindrical tub? 
the surface is that of a demi-sphere, whose diameter w 
equal to that of the tube itself, 
15. Minute as the effects of capillaiy action may 
p]iear to be to a casual observer, they are of the 
-n.ntest importance in many branches of physical 
■icnce, and even practically they merit greater atten- 
I ri than they usually receive from engineers, or archi- 
i:ts. Thus, for instance, the capillar}' actions which 
■ .!^.■? place in building materials have a very perceptible 
.(luence upon the durability of the Vattei, 8.11^ ■Oaesfc 
i may b* observed to disintegrate tke most Ta'eVaX-j *.^ 
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the limits of the capillary actions. In the cases 1 
sea, or river, walls backed up with earth, tlie capillaa 
of the earth causes it to take up water, and thus I 
become increased in weight; so important, indeed, da 
this consideration become, when the walla in questa 
are exposed to the influence of tides, that it becoin 
necessary to allow for tlie_tiiruBt_of the 'eartliwojkt j 
the supposition of its being_a s emi-fluid denser tM 
the ear& itself inT^ts 3ry, or normal, condTtoonT Mn 
failures of wharf, or of retaining, walls have ocean 
from the neglect of this apparently self-evident law.l 

16, If a body be immersed in a fluid it is neceBSfll 
in order that it may remain in equihbrium, that — 1,1 
weight should be equal to that of the fluid displaca 
2, the centre of gravity of the body and of the m 
placed fluid should he upon the same vertical lij 
and 3, the centre of gravity of the body should b« 
low as possible. The two first conditions evideJ 
result from the'fact that the weights of the body 3 
of the fluid act as pai-allel forces, which can ofl 
destroy one another when they are equal and I 
directed in the same line ; the influence of the 9 
condition of stability arises from the law by which m 
centime of gravity of any body has an invariable im 
dency to assume the lowest position. I 

17. When, however, the body, instead of befl 
entirely immersed, floats upon the surface of the fla 
the conditions of equilibrium are virtually the samel 
they are in the latter case ; for the body tends to aa 
by its own weight, and to rise by the pressure wM 
the fluid exercises upon the portion of its surface em 
merged — this pressure being evidently equal to ■ 
weight of the fluid displaced, and considered to I 

_ applied at its centre of gravity. It follows from tfl 
I tin order that a body may float upon the suriacJ 
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K,flmd, its weight must be less thau Hie weight of n 
Hual volume of the latter. Should the body and th»i 
■tid actually he in a state of equilibrium, the weight 
B the fluid displaced must therefore be equal to the 
^fcl wei ght of the bod y ; and the centres of gravity of 
^BEThe liquid displaced and of the body displacing it, 
^Kt he in the same vertical liue. The equilibrium 
^H only be stable when the centre of gravity of the 
^^B ^^ lower than that of the fluid displaced by it. 
^K6. In works upon physical science, the term" speci 
^ftity" is used to express the ratio of certain bulks of 
^■substance considered with reference to equal bulks 
^Bome other substance of known weight witli which 
^w may be compared. Water has been adopted as 
^ntandard of comparison in the case of the majority 
^Kilids or liquids, on account of its being little exposed 
^Hjtriation, and of its being easily compared with the 
^HtiTe weight of other substances. The speciBc gravity 
^HaBes, or aeriform fluids, is, however, ascertained by 
^Kting the the weight of dry atmospheric air as the 
Bfedard. It thence follows, that the specific grarity of 
^Kilid, or of a liquid, is ascertained by dividing the 
Bight of a portion of such substance by the weight of 
'»! equal bulk of water; and, similai-ly, the specific gravil 
of a gas is ascertaiued by dividing the weight of a giv( 
Inlk of it by that of an equal volume of air, A table 
specific gravity is here introduced, hut it is particular] 
to be observed in using such tables, that the ascertain' 
bgof the weights of equal volumes of any two substances 
Uwy may contain depends upon the weiglit of 9 definite 
unit of the term of comparison itself previously ascer- 
leined. For instance, if the unit of weight be a cubic inch 
of water, tliat of the substance to be compared with i1 
will he found hy multiplying the number of cutiam^* 
contain by the weight of a cubid mclo. oJ "nji ' 
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^d by the tabular number. lu the English tables t 
'specific gravity of water is ascertained when it is at i 
Fahrenheit, and when the barometric preasure ia eq 
to that of a column of mercury meaBuring 30 inches 
TABLE I. OP SPECIFIC GRiTITT OF BODIES (Hciton iND Caj 



Platins, pnra 


Hutton) 


'>3 4)0 


Clay (Butt* 


Staodaril gold „ 


18 31^8 


Brck 


Standard ailver „ 


10 6 J 


Common earth 


Oust lead . . „ 


11 3 5 


Sand 


Quick^ver 




13b00 


Coal 








B KTOod 


atin metal 




S H 


Sea water 


CoHt brass 


(Ci'rr) 


S395 




Iron, cast 




7 )7 


Ash 


Iron, bar . 




7 78t 


Maite 


Steal, hard 






Oafc 


Tin . . 




2 1 


Elm 


Zinc . . 




7 19h 


Pr 


Glass, flint 




3 32t 




GlasB, white 








Glass, buttle 




2 J' 


Carbon c ac d gaa 


Sarpeutine 




"BBS 


KtrouBgaa 


Basalt . . 






Hepat gas 


Marble . 




2 741 


Oiygen gas 


Granlta . 




"6B1 


[i tcogea gaa 


Porphjry . 




2 785 


Ammon acal gaa 


Flint . , (Hutton; 


25 




Common ston 




2^0 


Atmosphenc air 



19. The property by which heavj bodies di3pla{ 
quantity of water equal to their own volume, when 
specific gravity exceeds that of the water itself, is i 
fully applied in calculations of various descriptionj 
the specific gravity either of the water, or of the bt 
be known. Thus, inasmuch as the weight lost by 
body when immersed {which may be represented by 
is to its total weight in vacuo (or W) in the bb 
as the specific gravity of the water (or s) is 
specific gravity of the body (S) ; or in another form 
WJ : "W :: 8 : S, it is easy to calculate any one of 
unknown terms of the problem, if the othera should 



,dy known ; or, indeed, as S 



W 



the kaowlei 






Ribe two latter terms will sufSce to dGtermine the 
^Biers. Again, if a body float on a fluid, the part 
^tamersed (Q) bears the same proportion to the whole 
Bi)dy (P + Q) as the speciflc gravity of the body (s) does 
K.the specific gravity of the fluid (S) ; or Q : P + Q : : 
K; S, It is upon this principle that the Hydrometer, 
v the instrument for ascertaining the specific gravity 
H^uids, is constructed ; for, evidently, when the same 
^By floats on different fluids, the magnitude of the 
^Bt immersed in the first is to the magnitude 
^Kiersed in the second, as the specific gravity of 
^B second fluid is to that of the first. The practical 
^He for ascertaining the specifle gravity is as fol- 
^^b: — Let "W = the weight necessary to sink the 
Ibnlb of the hydrometer in one fluid, supposed to be 
water, and W + if the weight necessary to make it 
Bink to the same point in the other. Then, as the 
Specific gravity of water is usually taken as 1"000, the 



Wliea either the magnitude or the weight of a body is 
gi'eu, the other property may be ascertained from its 
specific gi-avity, thus : — If the magnitude M, and the 
specific gravity S, be known, the weight W = M x S ; 
ot tlie weight in grains and the specific gravity 
being known, the bulk or volume in cubic inches, 

S = g . The magnitude of an irregular sohd 

ami the capacity of an irregular vessel may be also 
i ascertained from the property under consideration ; for 
I if tlie solid be weighed in air and in water, then, since 
I s cubic foot of rain water weighs 1000 ounces, it is to 
I llie weight lost, as one cubic foot is to the magnitude 
I required; or,again, if the vessel be weigheA'N\ie\ie,m'^V^, 
1 when it is fall of water, then tlie ■wev^t oi *«« 



cubic foot of water is to tlie total weight of the 
AS one cubic foot is to the total capacity required 

HYDRAULICS. 

20. "We have seen that when a fluid is contain! 

1 vase of any form, it exercises, in consequence 

gravity, preseui'e upon every portion of the surfs 

he vase, and perpendicular to the same. If, ti 

J be perforated, the fluid will escape with a ci 

relocity ; and, at the same time, certain movei 

1 take place in the fluid whilst in the interior d 

^se, which we will proceed to notice. 

. When a small hole is made in the bottom 
■ase, the molecules of the fluid move vertical 
within a short distance of the orifice, supposiuf 
top surface to be exposed to the direct influence 
tmosphere ; but the other molecules flow towards 
ffifice from every direction. If the orifice be on tl 
ide of the vase, the molecules of the fluid equal 
Qove towards it, as far as the level of the bottoi 
he orifice itself; so that, in every case, their motiJ 
owards the orifice fi'om every direction ; and 
! quantity of fluid must pass through the 
pace in the same time, if the pressure be uniform, tl 
Bean velocity of each such quantity must be in t] 
Inverse ratio of the capacity it occupies in the vasoi 

82. The upper surface of the fluid in a vase, 
we have above considered, is not always terminate* 
I horizontal plane. Thus, for instance, when the ; 
iBcapes vertically through an opening in the bot 
ind the level has fallen nearly to that of the orificfl 
ipper surface of the fluid assumes the shape of a 
ave funnel, whose apex is in the centre of the on 
f the fluid originally had a rotary motion, or 
'■^-i itself were conical, the funnel formed by the 



>ttoa| 



HTDRAUUCS. 



15 



pcif the esoapiitg fluid would be developed at an 
r period than if the sides were vertical, and no 
aneons motion had been given. If, moreover, the 
ce were lateral, the complete funnel-shaped de- 
sion would not be formed, but the surface of the 
id would be depressed ; as in the accompanying 
res, 1, 2, 3, and 4. These movements depend 




B form of the vases, the height of the fluid in 
Dd the position and dimension of the orifices, 
mathematicians hare not succeeded in ex- 
; Batisfactorily the general laws under which 
:e place. 

1 escaping from an opening in a vaae, the fiuid- 
Bnmee the form of a prism, whose base would be 
fice itself, but whose sides recede gradually 
ey attain a distance from the orifice equal to 
alf its diameter ; at this point, the diameter of 
i-vein would only be 0'6 or 0'7 of that of tlie 
This diminution in the sectional area of the 
t is known by the name of its contraction; 
Jies place in whatever direction the fluid may 
hut under slightly different conditions, de- 
I, upon the action of terrestrial gravitation. 
hen the fluid -vein escapes vertically doivnwards, 
1 contracts to a greater distance than usual, 
e velocity of the fall of each horizontal layer 
i in pr(y)ortiou to the space fallen through, 
sjfore the distance between any \wo ^uaVX'o.'sei^ 
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must also increase. Again, when the jet est 
upwards, the priam enlarges immediately after 
extreme point of contraction has heen passed, because 
the velocity diminishes. In all cases, however, th« 
resistance of the air divides the jet into drops of 
greater or less volume, when it has reached a certain 
distance from the orifice. In vacuo, the jets, if they be 
not vertical, would describe a parabolic curve in falling, 
as solid bodies do under similar circumstances. 

24. The contraction of the fluid-vein does not appear 
to arise from any diminution of the volume of the fluid 
itself, but rather from the fact that the molecules of 
the fluid leave the orifice with different parallel velo- 
cities. Those which pass tlirough the central parts (if 
the orifice ai'e not exposed to the retarding influence of 
the friction which necessarily takes place upon tiit 
lerimeter; and they, therefore, must have a 
itial velocity than the molecules which wi 
contact with the sides. Moreover, the 
efflux in the filaments of the vein is affeol 
le various inclinations under which they appi 
.e orifice ; in a short time, however, after leavinj^ 
the velocity becomes equalised throughout' 
column, and it would remain constant, if tlie pressure 
upon the orifice and the resistauce of the air tlid not 
Lrioterfere with it. 

^b 35. When the jet is vertical and downwards, and th( 
^Biqnid has originally a rotary movement, a species 
"■funnel is formed in the interior of the vase, and th' 
liquid leaving it assumes a similar form, but its ape' 
I is precisely in the opposite direction to that of th' 
^iunnel in the interior. If the sides of the orifice b' 
^kot perfectly even, and the liquid in the interior b' 
^■papressed with a rotary motion, the fluid-vein, it 
^fgeaping, often assumes the form and appearance of ■ 
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^pirol column. When the orifice is polygonal, or ofl 

mK other tban a circular form, the outline of the fluidfl 

^■a is more complicated, but Bubstantially the resulta 

^■l not different. If t)ie vanous parts of the orifieM 

^^Mld not he symmetrical, the vein would not retain 

^B form it had on leaving the orifice; but it changes 

Hpilinually as the distance from that orifice increases : 

^teiB, immediately after leaving the orifice, the faces 

corresponding with the rectilineal sides become hoUow, 

anil the concavity increases in proportion to the dis- 

'snise ; whilst, after a time, the edges corresponding to 

'i;o angles are splayed off, and finally they disappear 

!i.ogether. Thus, MM. Poncelet and Lesbros ascer- 

■ lined that the form of the vein, leaving an orifice 

I ^rl'ectly square, and measuring 8 inches on each aide,. I 
i':i^sented the section a, c, e, g, at a distance of 6 ineheS' J 
'Mm the orifice ; and the 
'I'tion b,' d, /,' h, at a dis- 
' iiK^e of one foot. This last 
■IS the smallest section, and 
I'l ;irea was 0-562 to 1 of the 
liliue: whilst the effective 
ii-i:liarge was 0'605 to 1 of''i( 
'■'lit indicated by theory. 
'!ii; head of water during 
■III' observations referred to 
'■ii< maintained constantly 
'I ■' feet 7 inches. In this 
■isi' the fluid-vein seems to liave made the eighth of 

■ ''■ulution \ipon its axis ; and the reseai-ches of Bidoi 
i|"-Jii the phenomena of jets of water show that many 
ilier interesting remarks arc to he made upon them. 
1 lie reader who desires to study the subject is referred 

■ ■ lie very interesting work by this author, undat th.« 
''^of " Experiences sur la forme et but \a Saxbc'uj: 







les veinea et couranta d'eau lances par diverses o«l 
For the present it may suffice to observe, 1 
the jet should be of any important length, a series of 
loutractions and expansions takes place in it ; which 
lompanied by changes in the transverse section 
when the orifice is polygonal. 

26. The velocity with which a fluid leaves an orifice, 
observed at the orifice itself, is at the commencement 

nperceptible ; it increases for a certain period, after 
rMch it remains constant, if the level of the fluid 
hould continue the same in the vase ; or it decreases, 
' the level should be lowered. Whatever he the form 
£ the opening, or whatever may be its size compareA 
mdth the transverse section of the vase, so long as the 
water in the latter remains at the same level, tie 
felocity with which the fluid escapes will follow the 
lame constant law. 

27. When the orifice through which water fiows froiB 
I vessel is made in a tliin plate ; or when the thickness 
)f the side of the vase does not exceed the smallest 
limension of the orifice, and is, at a maximum, only from 
i to 2|^ inches ; the rate of flow, when no initial velocitv 
ixists, has been accurately expressed by ToiTiceUi ia 
he formula 

. v* 

V = ^ 2 g h; from wliich, h = ~ . 
^9 
In this formula, V = the theoretical velocity; but 
the real velocity is found to be between V — O'l V and 
V — 0'2 V; the diminution of the velocity of the whole 
jet being attributable to the friction of the water against 
the aides of the orifice, and to the resistance of the air, 
In the formula, h = the height of the liquid in rli^ 
Vase above the centre of gravity of the orifice; a:: 
( = the acceleration of motion due to gravity, iti 
econd, which is, in London, considered to be 33^ I'ti i. 
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pTelocity in this ease is that which a heavy bod 

fid acquire in falling in vacuo through h ; and t 
the velocity is proportional to the square root of th 
height of the liquid ahove the ceutre of gravity of t' 
orifice, if the heiglit he quadrupled evidently thq 
velocity will only be doubled. 

38. When the liquid flows through an orifice, who8( 
length is 1 ^ times its smallest transverse dimensior 
minimum ; or when an ajutage is employed, whose lengtl 
is equal to two or three times the smallest dimensioi 
of the orifice ; the formula for calculating the velocitj 
become V = 0'82 V = O'SS V 2 fl A ; V being the r 
velocity with which the water flows, aad the othei 
notation as before. 

29. The velocity would be modified if the two face^ 
of the orifice should be under water, and it would be 
icpresented by the formula, V = y/~'2 g h {h — k'), ia- 
nliich k' = the height of the water in the second 
i'i?t;ipient, and {h — /(') = the difference of levels of the 
airier in the two vessels, retaining the preceding signi- 
ticQtions of V, g, and ft. If the discharging vessel should' 
l*!? subject to any pressure, the formula would become' 
^ = \/2 g h(h + h'),m which ft' would represent the 
prtiBBiire expressed in the height of a column of the 
li'iuid, 

3C1, If we leave out of account the diminution of the 
velofity, and the contraction of the fluid-vein near the 
"fitice, the theoretical discharge would be Q = SV, 
I'liich Q = the quantity discharged per second, S 
■■ sectional area of the orifice, and V = f^/Zgh- But 
([uanlity which really flows from any orifice differs 
"i.-iderably from that indicated hy theory, and it' 

'isually expressed by the formula Q = KSV, in 

■i-li t)ie new term K = the coefficient of discharge 
^j^e^j^^J^^ysal effective qvianlVty iowi^Eg 
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he orifice to the theoretical one. The value of 
oefficient depends upon the pressure upon the ori 
ts fonn, and its position in the sides of the vase. 

31. The greatest contraction takes place when 
rifice is removed from the hottom, and the sidi 
he vase, by a distance at least equal to 1 or Ij^ 1 
ta own smallest dimension ; and under these cir 
tances the contraction takes place all round the 
ein. But if the sides of the opening should be i 
irolougation of the sides of the vase, the ordi 
o-efficient of contraction requires to be multipliea 
I-185, in the case when the prolongation exists on om 
Bde; by 1-073 when it exists on two sides; and b; 
1-025 when it esista on three sides. MM. Poocelfi 
md Leabros have determined the values of the coeffi 
Bient of discharge for rectangular orifices with th' 
preatest contraction ; and these values are givo^ 
he Table II. in which the dimensions are giv^l 

TABLB n. ^ 




HsadoTST 
Ctntat. 


Eelgbt of DHBue. ^ 


Si«. 


*ln. 


2 in. 


l^b. 


Hin. 


iSiu. 


it 

14 in. 
2 in. 

ft 

*J in. 

e in. 

8 in. 
1ft. 

1ft. Bin. 
3 ft. 31 in. 


0- 

0- 
0- 
0- 
0- 


92 
97 
89 
01 
03 
05 


o'eii 

0'612 
0613 
0-614 
0-615 
0-816 
0-618 
0-61 T 


0-624 
0.825 
0.837 
0-628 
0-630 
0-631 
0-831 
0-631 


0-644 
0-644 
0-64S 
0-648 
0-642 
0-640 
0-B33 


o'e67 
oaaB 

0-661 
0-660 


O'Tia 

0-700 
0-8B3 


Eng 


ish feet and inches. They are equally applufl 
ther forms of orifice, without any inward projeo^ 


— 


i_ 














J 



proTided that the smallest dimenBion be equal to that 
of the height given in the table ; and they are equally 
applicable when the discharge takes place in the opei 
air, L>r under water. It is important, however, 
observe that, if all other conditions remain the same 
the contraction diminishes in proportion to the thick 
MBS of the orifice, for when the latter is considerablfl 
it acts to a certain extent as an ajutage; and tha 
■■'len the sides of the vessel are convex, outwardly 
ii" discharge will be increased; whilst, on the cod 
■i:iry, the discharge will be diminished if the aide 
■iiiild be concave. 

'■'•i. lu the sluices of lock gates, the cills of whic] 
'■■-■' Kenerally upon the floor of the lock chambers, tli 

"ffieient of discharge is always 0"635, whether tin 
liiice work in still water or not, Foraierly, it wa? 
i-ualto adopt the coefficient 0"55 when two sluicei 
' -le used ; but more recent experiments appear 1 
"! 've that the real coefficient should be, as abov 

"'i5, With inclined sluices, such as those used i 
'ii' races of water-mills, with Pone elet's wheels (to 1 
'■'iticed hereafter), the lower and side faces ofwhicl 
Juices are in the prolongation of the reservoir, tl 
MefBcient is 0"74, if the upper face should have t 
mclination of 1 to 2; and of 0'80, if the inclinatioi 
'koold he as 1 to I : the sectional area being obtaine< 
from the vertical height of the opening, not from thi 
Wtnal area of the opening itself. 

When water falls over a weir, its effective die 
stated by Poncelet to be represented by tb 

Q = KLH VS(/H. In which 
e effective quantity falling over the weir : 
e coefficient of discharge, stated by liiia t<i V 
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B L = the width of the overflow ; ^M 

K H = the height of the water ahove the ciU of ^| 

mfeir ; this height must be ascertained at a point w^H 

uhe level of the water is not afl'ected by the contraclH 

fef the fluid-vein, which would usually be from 4 ^H 

H^t above the ovei'flow. In Table III. are given ^| 

Bsrious coefdcieuts for different values of H, obsei^l 

B^ MM. Poncelet and Lesbrus ; and it further app^H 

^BOm their investigations, that the usual coeffioj^l 

H'i05 becomes 0.42, when the clear opening of ^| 

HrerSow is of the sauae width as the leading channel, S^ 

Hihen the depth of the latter corresponds nearly with 

^H. If we call the thickness or depth of the sheet of 

water falling over h, it will be found that H = 1"178 k, 

when the clear opening of the overflow is iths of tlie 

width of the feeding channel ; and that H = 1'36 h 

when the two widths are equal. 



HeigU oyer woir 

Value of ooBfficient... 
Height over DriEoo ... 


0'424 
4in. 
O'SSS 


gin. 
0-il7 
flin. 
0-393 


0'112 
Sin, 
0-390 


l^in. 
0'407 
81 in. 
0'S86 


2fim. 
0-401 


3jm.l 



34. When cylindrical tubes are added to an orii 
in any vase, or resei-voir, the discharge through 4 
former will be found to be greater than would 1 
been the case if the orifice had been left in its nata 
condition, supposing, of course, that the head of WH 
and the dimensions of the orifice remain identii 
This increased discharge will not, however, take plj 
unless the water should fill tlie orifice, and this \ 
occur when the length of the additional tube, or of ■ 
, as it is called, is three or four times its d 



Heter; on the contrary, the oiifice will not be filled 
ivhen the length of the tube is less than that of the 
ioutracted vein, produced by the escape of the water, 
rhe increase in the discharge produced by a cylindrical 
ijutage, of the proper length to ensure its being filled, 
md in which that length does not exceed four times 
the diameter, is in the proportion of 1'33 to I'OO of the 
ordinary discbarge through an orifice in the plane sides 
of the vessel. 

35. The eEFective discharge may be still farthef 
bereased by making the ajutage of the form repre- 
Eented in the aecompanyiug sketch, pro- 
vided the liquid fill it entirely. This 
fonn of ajutage consists of two portions 
iif cones upon the same horizontal axis, 
Wt with their apices in opposite direc- 
':ni^. The first portion has the form of 
contracted vein ; the length of the 
md is three times that of the first; 
I the opening m, n, of the first, in 
■ide of the vessel, is Jths of p, q, of the second. The 
i.tive discharge through an ajntage of this form ig 
'lie proportion of 3 to 2 of the discharge which 
liil take place through a simple aperture in a thin 

■ ii. When water flows through long pipes the velocity 
:;■; flow ia increased by the efl'ect of gravitation, if 

]iipeB have a general fall; and as the liqiud column 
l-iuvented from changing its form by the adherence 
'd\p aides of the pipes, and by the resistance of the 
'. t.lie lower filaments of the hquid transmit a portion 
liieir velocity to the upper ones, and thus establish 
-' iieral uniform velocity which increases in propor- 

■ . to the length of the pipes up to a certain. "^o^tA 
i which the friction upon the petvaiete.T cS. '^ 
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.tops the increase. In horizontal pipes 
■iction repeated upon a great length tends contini 
to diminish the velocity ; so that, if the length be 
siderable in comparison with the initial velocity, 
liquid might, under some circumstancea, hardly fit 
all in Buch pipes. Eytelwein states that, in cc 
quence of the existence of this friction, the h( 
water, producing motion in a pipe, may he considei 
to be divided into two parts, one of which serves to 
generate the velocity, and the other to overcome tie 
friction. This latter portion must, therefore, be 
directly as the length of the pipe and the circum- 
ference of the section (or, as the diameter of the pipe)i 
and inversely as the contents of the section (or as tlic 
square of the diameter}. This part of the subject will 
be found treated in greater detail in the subsequent 
chapter of this work, devoted to the consideration fii 
the water supply of towns ; to which it has been rc- 
served on account of its more intimate connection witii 
that branch of practical hydraulic engineering. 

37. It used to be considered that the rate of flow 
of water in pipes was not sensibly modified by tin' 
nature of the materials of which they are formed, or di' 
their mechanical structure, so far as regards thf 
smoothness of the interior ; and that the flow depenJt'l 
alone on the length and diameter of the pipes. Tin 
costly, but, at the same time, the ridiculous, experi- 
ments made by the Trial Works Committee of the fij--' 
Metropolitan Commission of Sewers appeared to cun- 
firm this opinion; but, latterly, M. Darcy has seriously 
called it in question, and from his " Eecherches Ei- 
p^rimentales relatives au mouvement de I'eau di 
les tuyaux," and from the report of MM. Moi 
Combes, and Poncelet, who had been appointed by : 
\demie dea Sciences to examine the above-n( 
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Meinoire, it would appear that tJie niiture and thq 
state of tlie surfaces, over which water flows, exercise i 
notable influence upon the discharge of pipes. Thi 
tesiatance which the latter oppose to the rate of flow 
increases in proportion to the length, and is considerel 
to be in the inverse ratio of the diameter, according t( 
De Prony, and the earlier writers on hydraulics ; bll 
M. Darcy'g researches throw some doubt also upon thi 
gifnerally received opinions on this point, for 1 
arrived at the conclusion that the influence of the dia- 
meter upon the rate of discharge was greater thail 
would be indicated by De Prony's formula ; and that 
this formula gave results in excess of. those actuallj 
observed with small diameters, whilst the results wer^ 
eijiially below the real fact when large diameters were 
experimented upon. Under all conditions of the dia- 
meter, however, curves, or deviations from the right 
line, in the pipes have a sensible influence in retarding 
llie velocity of flow. If they should be of a nature to 
CiWFie a severe shock, it is even possible that they mayj 
effectually disengage the air in suspension in thai 
iUt as entirely to interrupt the flow, unless a blow- 
:, Lir escape for the air, be provided. M. Darcy haj 

■ I led a chapter of his work upon the history of thff 
\\-T supply of Dijon, to the discussion of the influencs 
ilie air upon the discharge of a pipe, to which wa 

' ')■ have occasion to retura in a subsequent part o 
.;■ work. 

-1. Incapillary tubes, as might naturally be expectedj 
velocity of flow is more affected by the resistance 

■my confiued air than it is in those whose diameter 

■ neater, and the retarding influence of the friction, 
HI the contour is also necessarily more important, 

^luse the friction only affects those ipoT\.vovis ol'iJ 
which toach the contour of tlie tuVieSi^^^ 
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.most, therefore, be the greatest when that conto^fl 
in immediate proximity to the Hsis. S 

39. Bernouilli observed that, when liqoids floitffl 
pipes, the pressure ther exercised against the siqH 
de latter, was always less than the pressure they woa 
exercise if they were in repose. The effective pressu 
is stated bj him to be equal to the height of the liqa 
|irodacing the head at the point observed, diminisht 
by the height of the liquid able to prodnce the velocii 
actUftUy existing at that point From this it -m 
fi>lIow, tliat the pressure will always be in the inreH 
ratio of the velocity, and that it would be annihiUU 
if the latter were re«lly the velocity due to the hM 
over the point of observation. This law has be« 
Terified by a sufficient number of experiments to enliti 

to consider it to be correct. 

40. In open channels, as contradistinguished friu 
pipes, tlie fact of the npper surface being open modi&ei 
toa serious extent, the conditions of the Aow oi any w«t( 
they may convey ; and it has been found that, ^ud 
Arer be the section of a channel, if a uniform velocit 
be once established in it, the same quantity of wate 
wiB be disduu^ed at the lower end as enters at til 

: wtnseqaently in any tiansverse sectii« of th 

A the same quantity of water must p^iss in & 

period of time- It follows from this, ihat th 

Telocity of the corrent must increase in pn<portioD I 

tiie diminution of the area of the channel, if the ii^ 

ranain the sune ; oo the oth^ hand, that th 

mast ^miniiA u vopoitiott to the iDcms 

the ana. As the rate of flow is, in dunnels, pra 

}>f the action of grantatiaB, it must erideotl 

incT««se tnSt the inclination ; and in orda- to maiatai 

equable drwhairee, the sevcnl cottAtioras of tb 

tod of the indnalifin, both of the d 
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and of the water, must co-ordinate. In a channel ■witi 
a oniform inciination and .section, however, the rate a 
flow alao soon becomes uniform; because the Irictian o: 
the sides destroys the increase of velocity which woulj 
otherwise be produced by gravitation — at least this il 
the case with the inclinations and dimensions ordinariljj 
given to water channels. It also follows, from tha 
effects of the friction upon the wet contour, that th< 
velocity of all the molecules in the transverse section 
at any point is not equal ; those which are in contain 
with the sides of the channel are retarded in tlieir flow, 
and, in their turn, they retard the flow of the moleculei 
immediately around them. Of course, under these 
circumstances the maximum velocity exists at tha 
surface and upon the axis of the current. From the 
fxperiments of Dubuat it appears, that the mean 
velocity of any stream in an opep channel, represented 
by i\ may be expressed by the formula v = cY, in whick 
V represents the velocity upon the axis, and at the 
aarface ; and c, a coefficient varying according to circum- 
stances between 0'76 and 0-891. It is usual therefore 
ill practise to consider that, for surface velocities vary- 

4 
ing between 8 inches and 5 feet per second, «=— -V; 

or that V = 1'25 v. But in large rivers these formulsa 
iruold give results far in excess of those actually found 
In exist ; for it has been ascertained that in the Seine 
(=0'63V; and M. de Eaucoui-t found that in the 
X?Ta w=0'75 V. 

11. The German engineers who have examined 

tijis subject, have found that the mean velocity of all 

'lie fluid-veins met by the same vertical line in any 

irt. of the section of a rivet', bore a proportion to the 

.' ^i-ity at the highest point on that line "ja,T^\ni 

betwe en O^SS and Ofl3. From the ex'perim.ente 

■JL' c% 
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by M, Defontdiiie upon the (low of the Rliin« 
ratio would appear to be 0'88 in that river. 

43. Bubiiat concluded from his own observi 
that the velocity at the bottom of a channel, caH 
U=Sii— V, in which formula V and V retain ihv\ 
signification as above; and from this, if V=i 
■U=076y; or j;=l-33U. In the formation of » 
course therefore, XJ must be regulated so tfaj 
Telocity should not be such as to remove the m^ 
of the bed ; and Dubuat has drawn up a short tal 
follows, of the rate of flow able to carry forwal 
various substances named : — 

Hirer mud, semifluid silt . . . 0: 

Brown pottery clay 

Common clay 

Yellow sand loamy 

Common river san J .... 1 

Gravel, size of small seeds . ■ . 

„ „ of peas .... 

„ „ of beans 1 

Coarse ballast . . . . .2 

Sea shingle, about 1 inch diameter . , 2 
Large shingle . . . . .3 

Angular flints size of hens' eggs . . 3 

Broken stones . . . , ,4 

„ agglomerated, or soft schistous 

rocks i 

Rocts with distinct layers . . .6 

Hard rocks 10 

The other dimensions of a water-course woul 
ascertained from the following formulte for clu 
of a uniform inclination and a constant section. 

43. In these cases calling Q the discharge, 
sectional area, and v the mean velocity of the wat 
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g the dimensions in yards and the decimal parts of 

kwehaveQ = S t; from which we have also f =-5, 

inclination will he ascertained (calling it I) by the 
P 
a I = K (iw + bi^) according to De Prony. In the 

f formula P represents the wet contour, or the 
1 length of the wetted surface ; S, the sectional 
biB before; and a and b, numerical coefficients 
1 De Prony makes respectively 0'0000444 and 
Eytelwein was induced, from some obser- 
ks, to change these coefficients, and to make 
^00024, fc = 0'000306. But it would appear that 
ein's values of a and b are only correct for large 
whilst for channels whose sectional areas 
I not exceed 10 yards superficial, De Prony'a 
fe are the more correct. 

I If we call the quotient of the transverse section 
) watercourse S by the wet contour P, the mean 

; and 

la of De Prony pves us, replacing a and 6 
lues he has assigned to them, 
R I = 0-0000444 r +0-000309 v', ' 

^hich we obtain, 



', and represent it by B, we have R = 



e v'*>'0U51(|;i + S;i33-4a8RI— 0-07185, or nearly 
L 5e-86v'RI - 0-072. 

?rony's formulte of course are expressed in 

11 metres and their subdivisions. Playfair, in his 

I of Natural Philosophy, translates the last- 

Eonnula for the velocity in English feet as being 

- 0-1541131 + v'0'0a3751 + 32BU6-6 EI. 

fonnulffi it will, tlierefore, be es.'S'Y \ft 

ft Tsioe of V, if I and K be kuo^u^ 
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tBcertain the inclmation I requisite to obtain e 
(Telocity that v =~. The value of R depends upoi 

f the section S, and the form of this section ; the 
|»eing usually regulated by local consideration! 

ihe channel should be executed in wood or in mae 
It would, generally speaking, be preferable to mal 
mdes vertical, and the width equal to twice the i 
of the water so as to render the wet contour, ani 
fionsequently the surface producing frictiou, as sa 
possible. In channels of earthwork, or ordinary ct 
the slopes of the sides vary according to the natt 
the materials employed, and the width usually n 
'between four and six times the depth of the watei 
45. De Prony's formula for ascertaining the ve! 
■will serve, not only to calculsite the discharge 
' channel of a uniform inclination and constant ee 
but also to gauge any stream, provided a len( 
about 500 yards can be found upon it, where 
conditions of inclination and section are fuIfiUet 
ijross- section of the stream will, in this case, gi 
area and its wet contour, and by dividing the fi 
by the latter the mean radius E will be found ; a 3 
tudinal section will give the total inclination c 
regular portion of the stream; and this inel 
divided by the developed length of the axiSj ' 
the partial inclination in each unity of length. 
section of the stream should not be constant (wh 
indeed almost always the case with natural chan 
a certain number of cross-sections must be tak 
the portion where the stream is most regular, 
which an average must be deduced, for the pnrpi 
inrnishing the elements for calculating the wet c 
and the mean radius. The inclination is then 

icertained from the mean velocity^), and. the disc 
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I found by the ordinary formnlte. Should it 
len, however, that the stream ia divided into two 
•tions, one of which is very deep and comparatively 
lakiDg narrow, whilst the other is shallow and broad, 
vould be preferable to consider the stream as though 
rere divided into two distinct branches, and to cal- 
ate the discharge of each of them separately. 
L6. It is possible also to ascertain the volmne of a 
er by determining the maximum velocity of the 
face, and the average sectional area ; for the dis- 
irge will be found to be nearly Q = S {0'8V) which 
Let term we found to be the expression for the mean 
ocity V. It is essential in all such calculations that 
!ftt care should be taken not only in ascertaining 
: cross-sections, but also that the floats used to 
tennine the velocity should be thrown into the 
earn at some distance above the points of observa- 
n, in order that they may really acquire the average 
locity of the water during their passage. 
47. The preceding observations, it must be observed, 
ly apply when the volume of water passing an orifice, 
lirough any given portion of the channel of a stream, 

such as to maintain a constant head or pressure. 

however, the discharge should be greater than the 
pply, the level of the water above the orifice, or ■ 
:tion, will fall, and consequently the head or pressure 
oducing the velocity wiU be reduced. The value of 

in Buch cases will, therefore, have to be modified 

as to express the effective head influencing the 
(charge during the entire operation. It has also 
en assumed, that the discharge takes place in the 
en air, and without encountering any resistance on 
3 under side ; but in the case of one reservoir dis- 
arging its waters into another, not onl'^ Aota "S. 
' e to bfl modiSed, but a new terta ia i:e,qjvttft^>j 
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^K introduced, for the purpose of representing I 
reBistfince of the water in the lower reservoir aJ 
rises above the orifice of communication. I 

48, Morin gives a rule for ascertaining the discha 
when a variable head, as above described, exists M 
ilie centre of an orifice, which is suEBciently simpld 
ordinary practice, and may be stated as follows: Avfl 
cal rale is to be placed in the upper reservoir, and upd 
are to be measured the levels of the water corresponB 
to equal intervals of time ; for ordinary purpoBe&a 
observations will suffice. Then, calling L the widn 
the orifice; E, its height; m.the eoeflicient of disolM 
ascertained from the arithmetical mean between fl 
values corresponding with the greatest and least hd 
observed; h^, A,, h^, k^,h , the levels correapa 
iiig with equal intervals of time t; and Q, the vou 
discharged in tlie whole time, or in tliis case, 4 t J 
have Q = 1-476 m L E t (\/k^ + y/li^ + 4 (V/sl 
•t/h,) + 2 Via): oi'i "1 other words, if it be dad 

ascertain the volume of water discharged in a d 
me by an orifice, with a load upon its summit ■ 
Eiriable nature, after having as above observed^ 

riations of level, the rule is — to take the squarefl 

1 each of the heads over the orifice ; to the sura ofl 
featest and least of these square roots add four iM 

I of the square roots of the heads of the M 
r of the heads observed, and twice the sum oJa 
Huare roots of the heads of the uneven pair ; mnlS 
a total sum by the time which has elapsed betM 
mo observations by the area of the orifice, by'fl 
^efficient discharge, and by 1'476, This forn 
I, when the flow of water over a weir is M 
fdered, Q = 0-598_L ( ik^ y/h]_+ h^ ^/&7 « 
V'l, + h, \/h^) + 2h„ \/ftj); and wheaJ 
i£ce may be covered witK water on the nndern 
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s /(,, /(,, &e., mnst be replaced by the dif- 
Kiences of the heads on the upper and under sides at 
be same periods of observation; that is to say, h, 
'eeoraes H , ~ h, ; and ft, becomes H, — ft,, calling 
I the head producing pressure on the upper, and A 
iiat on the under side of the orifice. 

49, In all rivers there will be found to exist a greater 
ir lesser extent of comparatively speaking still water 
n immediate prosimity to the bajik ; and iu this part 
if the stream may also be observed a series of small 
iddies, produced by the impulsion of the current. 
the principal direction of these eddies appears even 

be opposed to that of the current, and again, when 
lay obstacle is offered to the onward flow of the latter, 
lie water becomes heaped up, as it were, and in thia 
ittBfl also a kind of return in the current takes place, 
iwing to the change of direction in the flow of the 
fater. A dyke or embankment in a river will produce 
iiis effect ; as will also any construction which dimi- 
iahes the water way, such as groins, bridges, &e. 
Elere is no universally received word in the English 
Wguftge which expresses this effect, and it may, there- 
ae be as well to adopt the French word " remons " to 
xpress simultaneously the increase of height and the 
hinge of direction, produced in a current by the 
itervention of any obstacle to its flow, 

50. In the case of a dam across the whole width of 
Etveam, the horizontal section of whose bed is repre- 
mted to an exaggerated scale by the line A B, and 
U dam by E F, the water will rise on the upper side, 

1 &11 subsequently over the edge of the dam. The 
Eud mass represented hy A a a G T) will here repre- 
int the remous ; and its greatest depth, excepting in 

K'l as it is modified by the conditions mentioned 
iex( sentence, will exist immedvaVeVj o"»feT 'Oaa 
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edge of the dam, E F, and will be derived from i 
^eight of the latter, diminiBhed by the original dej 



,^ 



rf the water, and i ncreased bv the beight of watCT 
■ding OP the ed^ e, This last quantity haT^Been 
lertained by M. Cantpl to be represented by tie 

iiila a: = 0-64 yj^V; in which Q = the voliune 

■ the current, and L the width of the dam. Should tlie 
iiter, however, be withdrawn by a series of sluices at 
le lower part of the dam, instead of falling over its 
;e, the greatest depth will be equal to the distance 
retween the centre of the openings and the bed, added 
the distance between that centre and the top 

[iich will be found by making x = 0'1805 -7-^, A 

te sectional area of the openings. But the i 
Jevation of the water above the horizontal line ^ 
lot take place immediately upon the dam ; 
tt a small distance above it.' The same tiling happe 
in this instance, which happens in all otlters in whicb I 
Water flows over a weir, viz., that shortly before tb( I 
\ier ai-rives at the edge, it slo'gea tomaida the latter. | 
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1 in large remous this sloping, or iDclination of the 
rface, will begin at a considerable distance on the 
r Bide of the dam. The height of the remous, at 
■ ^ven distance from the edge, will necessarily 
ult from the nature of the curve assumed by the 
Eace of the water, Thia is essentially a hyperbola, 
mit is at A', whose axis is A C, and which 
■ tangential to a line i>assing through A, at 

distance that E G = — -7 — ; in which 



I nearly I 



1 



= the length of the dam. 
. During the investigatious conducted by tha 
I engineers for the purpose of discovering a 
f-acting gauge to nieasiu'e the waters sup- 
3 for the irrigation of that country, a very interest- 
important fact was observed, which indicated 
Tthe ordinary laws of hydrostatics applicable to 
of water in communicating vases, were 
ified to some extent when the water was set in 
I. It was then ascertained that, in a vase con- 
■ supplied, but divided into two portions by a 
^hragm susceptible of being moved vertically, and 
~ . a discharging orifice on one side, a constant 
efence of level existed in the surfaces of the re- 
e portions of the reservoir so long as the water 
; and that this difference of level was greater in 
■portion as the opening of the diaphragm was less, 
id to that of the orifice. And it was also 
i that if, by any change in the direction of the 
f or of the flow, the level were made to alter on 
r side of the diaphragm, the corresponding varia- 
B in the level upon the two sides continued always 
B proportional to the respective differences of level 
established. This law is not affected by the 
reduction of two or more diaphragms, io"c a. ftwaiax 
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^ftriation of level takea pliice between eitcli of tliem,^H 

H^ maintained so long as the water Hows, Of COOFH^H 

^Ke diecliarge cease, tlie hydrostatic pressure will oij^| 

Hh'e water to assume the same level in all the com^| 

nicating compartments, wlititever be their number. ^H 

53. If we suppose a fluid to be contained ^^H 

reversed syphon, each of whose brauches ia of^H 

same diameter, the fluid will be found to stand at^H 

same level in both of them ; and if, by any means^H 

fluid column be first raised in one of the hrano^H 

md then allowed freely to resume its natural positlonj^ 

U commence its movement by falling below the origi- 

il level, in consequence of the velocity acquired ; it will 

pmediately afterwards remount above that line, ttnd 

intinue to oscillate about it for a certain time. These 

icillations are found to be isochronous; and if the 

inches of the syphon should be vertical, their dura- 

ion will be equal to tliat of the beats of a pendulum, 

prhose length is equal to half the total height of the 

[quid column. 

I 63. "When any point on the surface of a pool of still 
i disturbed, a series of small waves is formed 
^Dund it, which extend with great rapidity. These 
raves are found to be of two sorts : the first are formed 
\ the same moment in great numbers, and are pm- 
kgated in every direction with a uniformly increasing 
alocity, like that of the fall of heavy bodies, and tie 
iJBtatice between the summits of any two waves in- 
reases in the direct ratio of the time elapsed since 
fceir formation ; whilst the heights decrease in the 
HlTerae ratio of the square of tte time, when the liquid 
I contained in a cJiannel of a constant width — or, 
Recording to the fourth power of the time when the 
liquid is free. The second sort of waves also rises in 
numbers, and at the same time; but the b 



^^o£nite 11 um 



t the wttut 



are propagated uniformly TOith a velocity proportionate 
lo the square root of the diameter of the surface ex- 
posed to tlie shock; the heights of the surface decreaaa 
in the inverse ratio of the square root of the time, aS 
of the first power thereof, according as the liquid majs 
te contaiued in a channel, or be entirely free. Th(( 
second description of waves is more appreciable thai^ 
the first, especially near the point of origin ; and anjf 
wave which is formed thus on the surface of a liqoicl 
luass, is 2)ropagated to a considerable depth in the 
interior. 

54. When waves of either of the above -mentioned 
soils come in contact with a fixed body, they are inter- 
rupted in a portion of their course, and that portion o 
Ite wave which strikes the resisting body, is reflected 
iiaok upon itself, and propagated in a direction oppoi 
eite to the one it originally followed ; it is, however^ 
re-formed beyond the obstacle, if the latter be isolated 
m the midst of the fluid, and it extends beyond it a.9 
though the wave had never been interrupted. When 
several centres of disturbance are formed in a piece o 
still water, the respective series of waves may be obi 
served to cross one another without producing any 
'ery decided interference. These observations, how* 
ever, are only applicable to small bodies of water ; i 
(he subsequent parts of this treatise, attention will be 
' 'I (! pai'ticularly called to the laws afl'eeting the format 

'1 of the waves of the sea and of their mutual interv 

'.(■nee. 

:>'). Bodies moving in fluids meet with two species 
<■!' resistance : the one arising from the movement com' 
municated to the portions of the liquid successively 
Jispiaced ; and the other, from the power necessary ta 
Beparate the parts of the liquid between ■w\i\t\i. ft 
^ " Up to a certain Telocity, fee 



of fluids from the first cause is found to be proportii 
to their density ; to the sfiuare of the sectional area 
the bodies moving in them, modified to ft considerable 
extent by the forma of such bodies, and to the square 
of the velocity. The resistance arising from the 
cohesion of the fluid was found by Coulomb to be 
proportional to the velocity, and to be independent of 
the nature of the surface of the body ; he also fouDd 
that the pressure to which the fluid is exposed, is 
equally without influence upon the value of the resist- 
ance. Thus it would appear, that any body moving in 
a liquid meets with a resistance composed of two terms ; 
the one due to the inertia of the Uquid, and increasing 
as the square of the velocity ; the other due to tbe 
cohesion of the liquid, increasing simply with tin: 
velocity, 

50, The researches of Mr. J. Scott Russell upon tbe 
movement of canal boats at high velocities, would in* 
duce us to believe that when the velocity of bodies of 
that description exceeds 13 feet per second, some new, 
and hitherto but imperfectly understood, laws come inta 
operation. Our present knowledge of the subject may, 
perhaps with some reserve, be thus expressed, in tbs 
words of the Beport of the British Association for the 
Advancement of Science. 

After establishing the fact that the movement of a 
canal barge, or of any solid body, in a channel of still 
water gives rise to a displacement of the water surfaufl' 
which advances with an undulatory motion in the same 
direction as the body itself, and which Mr. Eussell 
distinguishes by the name of the wave of dhplaccmevii 
he proceeds to say that : " The resistance of a fluid ' 
the motion of a floating body will rapidly increase''! 
the velocity of the body rises towards the velocity;' 
the wave of displacement caused by the said raotii 
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^Hp will be greatest when the two velocities approacl^ 

PSity. I 

" Wlien the velocity of the body is rendered greater J 

than that due to the wave, the motion of the body iafl 

greatly facilitated. It remains poised on the BummitJ 

of the wave in a position which may be one of Btabl^B 

equilibrium ; and this effect is such that, at a velocitjfl 

of 9 miles per hour, tlie resistance is less than at afl 

velocity of 6 miles per hour behind the wave, Tbflfl 

velocity of the wave is independent of the width of ih^M 

fluid, and vaiies with the square root of its depth. I 

"It is established that in every navigable streaial 

ibere is a velocity at which it will be more easy to M 

muend against the current, than to descend with the^ 

cnnrent. Thus, if the current flow at the rate of ]fl 

mile per hour in a stream 4 feet deep, it will he easiofl 

la ascend with a velocity of 8 miles per hour on tb&" 

iiLive, than to descend with the same velocity behind 

~liE wave. The velocity of the wave of displacement 

Iwhiuh advances in the direction of movement of the_ 

Hualing body) is about eight miles per hour." ■ 

It must not, however, be understood that the con<fl 

'liisions of the Biitish Association in this matter ai^| 

liversally received as correct; for not only have thfM 

airtical results of tlie attempts hitherto made to appljfl 

:'■ laws thus enunciated been such as to inspir^fl 

■ 1 iuus doubts with respect to them, but the direct J 

■■lieriments of Generals Morin and Poncelet on thej 

-latance of water to bodies moving in it led thos^l 

■Iw observers entii'ely to reject tlie theories of Nr^ 

■^ ul.t Russell upon which those conclusions wer^| 

■iiiided. M. Bourgois, in a recently published Me^fl 

'iiire " Bur la resistance de I'eau au mouvement den 

■■ij)S " (Paris, 1857), adopts the views of M.&L M.ciriw 

^i^fiAoc^^i^m^lideed there seem ia \)e \er^ g»J 
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iisons for believing that, in spite of the 
autliority of the members of the British Associa- 
they were in error in BUpposing that any new ] 
with respect to the resistance of fluids were te 
Observed, bo long at ieaat as tlie velocity of moveB 
I not exceed 10 nailes per hour. The infinenc 
pe bottom and of the sides of a cannl, as well aa 

f the wave of displacement itself, upon the reeiBt) 

f the fluid to an advancing body, are so great, 1 
s to render it extremely difficult to discover 

feciae expression of that resistance, or the laws H 

liich it acts. 

I 57. Projectiles, when they strike Uie surface i 
Rluid, meet with a resistance which diminishes i 

locity and changes the direction of their path. ■ 

tensity and direction of this resistance depend* 
lie form of the projectile and its velocity. Ai 
times, however, it tends to raise the direction of si 
ment and to carry it towards the surface of the liq 
and if the original direction of the projectile sbi 
only be shghtly inclined towards the horizontal '. 
the shock may even cause the projectile to rebonnt 
the same manner in which it would have reboui 
from the surface of a solid body. It is thus 
etones, thrown from a small angle, or bullets I 
from batteries near the water Une rebound, or ncm 
a great number of times before their velocity is a 
ciently retarded to allow of their sinking permane 
below tlie surface of the water by the ordinary e 
of gravitation. 

58. When a fluid is in motion a certain portia 
the force by which it is animated may be employee 
the purpose of driving a machine : hut evidently 
motive power thus applied, must be only that por 
ai£ributable to the gravity of the water itself; for 
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■necessary to create tiie power by the aj 
m extraneous force, it would evidently be prefer- 
■) apply that force directly to the machine itself. 
B industrial arts, then, water is only applied 
B power when it Sows in an inclined channel, or 
lit falls suddenly from & height. Eut it must be 
Bed that, whatever be the nature of the inter- 
ne machinery employed to transmit the power of 
■iter, a portion of that power must always be l«Bt 
lause the whole velocity of the water cannot be 
B^ed, or else the water after producing its effect 
■the machinery could not flow away; and 2, 
Be the machine transmitting the power of the 
■bas a motion and a velocity proportionate to the 
B-which consequently can only act by the excess 
■Telocity over that of the machine. 
■Water may act in several manners to produce 
m, either by percussion, by pressure, or by 
Bon. It acta by percussion when it strikes the 
Bia of any machine placed in its course, and 
ntfter having communicated its movement to ths 
Bte, it J]ows away immediately after producing the 
ft float wheels placed in a current are illuatra- 
mat this action. Water acts by simple pressure 
Etaving no initial velocity, or one which is very 
■Uid only equal to that of the body on which it 
m moves the latter merely by its weight ; as in the 

■ backet wheels, when the velocity of the peri- 
Kof the wheel is equal to that of the stream^ 
■acts both by percussion and by pressure, when. 

■ upon a bucket wheel with a velocity greater' 
Hist of the wheel itself. Lastly, water produces. 
Bflt by re-action in turbines, or in what are called 
h very reason re-action mills. In the ca.ae oi \!tts 
^^press the law by which a liqaid enc\oaeA'i 
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vessel on all sides ia able to transmit, to every j 
of its bonnding eurface, a pressure exercised! 
point thereof, is called into action. As tbe del 
the various machines by which the power of 
applied, and the laws connected with its app 
form part rather of the science of practical 
engineering, than of civil hydraulic engineerii 
student is referred for them to the Numbers 
Waale's Elementary Series, in which those Bubj 
particularly discussed. 

PNEUMATICS. 

60. Correctly speaking, the term Pneumatia 
to be confined to the science of the phenomffl 
nected with the atmosphere ; but, by extension, 
also been applied to those connected with all | 
Suids. The following observations will, howe 
confined as much as possible to the phenomeni 
would be represented by the narrower accepts 
the term, and those of other gaseous fluids 
be alluded to as they may be connected *i 
atmosphere itself. 

01. As was already observed ^ 3.), gaseoiq 
differ from aqueous fluids in this important 
that the former are higlily elastic, whilst the ltd: 
so very partially elastic as to warrant the nej 
that property in all reasoning with respect tg 
fluids. Of the gases themselves, again, there 
which are permanently elastic, and others whi 
means of compression, can be converted into 
Atmospheric air is an illustration of the compri 
steam of tbe iucompressihle, gases; but Fai 
beautiful researches lead to the belief that til 
tinction only exists in consequence of our di 
leans of ojjerating upon them, a.nd Uiat, in real 
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gases are susceptible of being compressed and con- 

dpiified when operated upon under favourable conditions. 

Ill ordinary Linguage, it is, however, convenient to retain 

tSis diatinction between the condensible and tbe incon' 

'■ lisible gases, and to apply to the former tlie name of 

!'■ permanent gases ; to the latter, that of vapours. 

1"-!, The propei-ties common to all gases may be 

otiited as follows : 1, that their elements have weight' 

i. Lhat they tend constantly to dilate, in consequence 

uf the repulsive force of their latent calorie exceeding 

the molecular attraction, and that, therefore, they only 

retain the same volume from the resistance of some 

containing body ; 3, that they are easily compressible 

iiu account of the space around their molecules; 

i, tliat they are elastic, inasmuch as when their mole' 

ciilea are brought into closer connection with one 

another, the repulsive force of the caloric of the gases 

increases more rapidly than their molecular attraction; 

■s that their molecules are perfectly free to move upon 

'III' another ; and, 6, that, by reason of their elasticity, 

■'"lee exercised upon them on one point must be 

i/hiuitted throughout and in every direction. All 

?e properties have been proved by direct experi- 

■ rit to be possessed by atmospheric air. 

I'^l. Since the atmosphere possesses weight, com- 

■ -aibility, elasticity, and the power of communicating 
^sare in every direction, it follows tliat any par- 

ular portion of it must he pressed by the weight of 
atmosphere immediately above the portion under 
j-ideration, and must also transmit the effect of tbia 
L^ht to the portions beneath ; consequently, the 
itity of the atmosphere, and its elasticity, must 
lutise as the distance from tbe earth increase, 
r the same reasons, every object, or 13q4'5 , -gVeafti.' 
T must be exposed to a presBure upon ft\et^ "^ 
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surface, which diminishes with the elc 
Aove the ground. 

64. The atmosphere revolves with the earth, 
le velocity with it ; for, if tliis were 

s, the air at rest would create a resistance to 

1 to the shock it would actually produce 

rth stood still. A current of air, in fact, woi 

t, whose velocity would be equal to that of the 

tation on its own axis, or, at the circumferem 

' of 1518 feet per second ; whilst the 

noleut hurricanes, such as are able to tear up 

i overthrow biiildings, do not travel at a rate 
ing 147 feet per second. As the atmosphere 
Btuoves with the enrth, all the molecules compoai] 
^former are affected hy three cosmic forces — { 
Lfilasticity, and the centrifugal force. Under 
■tircam stances, as the weight and the elastic foroe^ 
3ie molecules of the atmosphere diminish in proportion 
> the distance from the axis of rotation; whilst, on 
the contrary, the centrifugal force increases with tlial 
distance ; there must necessarily exist upon (uij 
vertical line passing from the centre of the globe a 
I point where these three forces are in eqwililjriuui and 
Vihe atmosphere must be limited. It has been calca- 
lated tliat the distance at which the atmosphere- 
Klecomes rarehed to such a degree as to be 7(i0 times 
llighter than it is at the ordinary level of the earth- 
refaction equal to that obtained by the best air- 
fpumps — is about 58,000 yards above that level. This 
" i not more than tHt of ^^^ radius of the earth ; so 
Jiat practically it may be considered that the height of 
■ the atmosphere above our globe is about equal to -f^ 
\ot its radius. 

65. If a tube be made air-tight, and filled with any 
figuid, so ns effectually to excYude ^e alt, and then 



mmersed in a vessel filled by some other liquid whose 
surrace is exposed to the pressure of the atmosphere, 
it will be found that a column of the first liquid, or of 
Qiat within the tube, will be sustained in it, and that 
the height of tliis column will depend upon the relative 
specific gravities of the liquids, and be in the inverse 
latio of their densities, The force which sustains such 
a column is produced by the pressure of the atmos- 
phere acting directly upon the exposed surface of the 
receiving vessel, and pressing it in a downward 
direction, whilst the liquid in the tube is exposed to 
■■' ^uch action; and the effect will be the same, what- 
' !' be the section and dimensions of the tube, 
■ >i\ it be not so small as to allow capillaiy attraction 
liiodify the results. Moreover, the pressure of the 
kisphere may be demonstrated to act on every side 
' the tube or of the receiving vessel; for if the tube 
lie mude to assume any direction, the liquid will 
in it to the same height above the surface of the 
ni.'eiving vessel as it would do in a tube held in it 

■ itVctly vertical position. 
'■i''. As the heights of the hquid columns thuft 
:t;ii[)ed iu tubes are precisely in the inverse ratio of 
' densities of tlie column, their weights must 

>i tly equal. Under these circumstances, as il 
' iivn that the atmospheric pressure will sustain, on 
'lie average, a column of mercury 30 inches in height, 
" will also sustain a column of water about 34 feet 
iiii^Ii, since the specific gravity of mercury is 13'56. 

■ il as the pressure of the atmosphere varies within 

■ ii limits as to allow the height of the mercurial 
I'lian in a tube also to vary 3 inches in height, the 
'L^ht of the water column will also vary to a propor- 
■'late extent ; that is to say, within a range of s.Wmj<i 

■■ leet 5 inches. The atmosphere itaeU maa\. eitewii 
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an average pressure of Ifilbs. on the square i 
■the weight of a square vertical prism of atmoBi 

g 1 foot on every side is about 2160 lbs. It 
VOrks upon Physics, especially in those published 
abroad, the elastic force of gases is estimated by theii 
relation to the atmospheric pressure, or, as we have 
Been the latter to be 15 lbs. on the square inch, that 
quantity becomes the unit of comparison in all sncli 
calculations. 

67. It is to the pressure of the atmosphere upon tis 
exposed surface of a lower vessel that the ascent -' 
water in a tube from which air has been exbaustpii : 
owing. The removal of a certain portion of the air in 1' 
tube causes that which remains to expand, its elasticiiy 
at the same time diminishes, and the liquid from the 
lower vessel will rise until the weight of the column 
thus sustained, and the remaining elasticity and weight 
of the internal air, shall balance the external pressure. 
It follows from this law, that, for the same dilatation ol 
the air, the liquid will rise to a height which will be iB 
the inverse ratio of its density. 

6H. It must be evident, from what has been siH 
above, that the height of a liquid column of bdj 
description, iu a closed tube, might he taken as the 
measure of the weight of the atmosphere. But, foi 
the purposes of observation, it has been found to bfi 
more convenient to adopt mercury as the standard ul 
comparison, because it admits of the column being 
made shorter than in the case of any other liquid, oB 
account of its greater specific gravity, and also because 
it is not so much exposed to give off vapours (whoM 
elasticity would, to a greater or less degree, falsify the 
indications of the column) as the majority of liquid! 
are liable to do. Even mercury itself gives off vapour 
but within the ordinary range of the thermomete 
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smperate latitudes, its elasticity is bo small that the 

fition of this vapour may be neglected without iocoii' 

<raiience. In the arts, then, we find ttiat almost inva- 

iably air-tight tubes in which columns of mercury are 

rse to-move according to the pressure of the atmos* 

ibere upon the surface of a small cup of mercury in 

phich one of their extremities is immersed, are used to 

kscertain the pressure of the latter, and are known by 

the name of Barometers. Of late years the direct 

pressure of the atmosphere upon a thin metal disc, or 

Jiaphragm, covering an air-tight chamber, has been 

made to indicate the variations in the weight of the 

»tm08pheric column, in the elegant and ingenious 

ii'-trtiment the Aneroid ; and this instrument has been 

iloyed for all the purposes connected with engineer- 

j to which the barometer itself had previously 

ill devoted. These purposes are for observations 

!i the weather, and occasionally for ascertaining 

.upjirative altitudes ; and it is to be observed, 

^.lit within the range of temperature (prevailing in the 

temperate zones, the use of either the mercurial or 

llie disc barometers may be a matter of indifference. 

la warm climates, however, the expansion of the disc 

Koders the indications of the aneroid doubtful. As 

these subjects are more particularly discussed in the 

^'iiitibers of this Series which treat of Pneumatics and 

Mathematical Instruments, the student who might 

ire further information on the use of the barometer, 

-■, r(;ferred to them, or to the works cited at the end of 

Lliifi treatise. 

59. It is ft necessary consequence of that which has 

ipt>n previously stated, that when a gas is compressed, 

■iiuinishes in bulk; and as its elasticity increases 

ii its density, it must sooner or later arrive at such' 

3 of condensation that the elastic ioice oi \!cu& ^ 
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Btself RhaU balance the pressure exercised; bu^H 
BJBWS affecting the condensation and those affectinf^H 
H^stic force are yet but little known. Practicall^^l 
■Dspecially in the case of atmosplieric air, it m^H 
noasidered that the pressure exercised by a gas b^^| 
■lie sides of ii vessel containing it, ia increased i'^H 
Kisely the same proportion as the space wbij^H 
■EDrmerly occupied bas been diminished ; or, in ^H 
Brords, the elastic force of the air, or of any S^M 
^nroportional to its density. It must be observfid,i^H 
Krer, that a variation in the temperature will affecflfl 
BWUsticity of a gas ; for au increase of temperature wDT 
■Bive rise to an increase of elasticity witbont, or eveaifl 
npite of, any variation in the density. 
B 70. One consequence of the elasticity of gases i ■ 
B&at tbey exercise a pressure upon their contaiDins 
Hkbs^s independent of any other mechanical or exttr- 
BboI force ; and in this respect they differ £.-oni ordinary 
■biids. The energy of the pressure so exercised depend* 
*Bpon the difference between the elasticities of the con- 
tained and of the surrounding gases, independently of 
any pressure which may be applied to the former. 

71. The principles of Pneumatics are applied intlu 
jnractical operations of hydraulic engineering, in th» 
PDonstmction and application of pumps and syphons; 
md it is therefore necessary to enter into some d( 
f those engines. Pumps are of numerous dec 
ions, and every raater has his own peculiar is 
with respect to the execution of their parts ; bi 
only really philosophical distinctions betweeBj 
various kinds of pumps are those founded u] 

I(ipplication or the neglect of the atmospherie pref 
IBT, the infinite varieties of these machines 
^ssed under the simple divisions of the suei 
%e /oreiiig pump. 
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KThe ordinary suction pump consists of a vertical 
sed in water at the lower end ; of a piston, 
moving in an enlarged portion of this pipe, called the 
cylinder or barrel : and of two clacks or valves, one of 
which is seated upon the pipe, and the other upon the 
piston itself. If, in such a pump, of the construction 
usually adopted, we suppose the piston to be at the 
bottom of the cylinder, and nearly in contact with the 
lijwer valve, upon raising the former the valve upon 
tlie piston itself will be closed by the downward 
pressore of the atmosphere, and a partial vacuum will 
be formed under the piston. The air in the pipe and 
barrel of the pump will, therefore, be rarefied, and 
unable to press upon the surface of the fluid beneath 
it, with the same force that the atmosphere presses 
Upon the water in the open vase ; and the latter force 
being no longer balanced, a column of water will be 
raised in the pipe, whose height will depend upon the 
atmospheric pressure and the perfection of the vacuum 
*vhich can be created under the piston. If, further, we 
Suppose the water to rise to a certain height in the 
l>ipe, and that the piston then descend to the position 
It first occupied, the air between it and the water will 
-'upe through the valve, and the water will upon the 

■ x< aacentional movement of the piston again rise in 
'■!'.' pipe, until at last the piston actually plunges into 
It, and the water rising through the valve is retained 
Opon it when it again rises. On this return up-strofce 
ihfl water above the valve is raised by the piston to the 
Overflow; a further vacuum is created beneath the 
t>iston, and an additional quantity of water from the 
Containing vessel is made to enter the pipe by the 
atmospheric pressure. 

73. The height to be given to auch a lifting pipe aa. 
^^ave above described, depends nearly as mucV ■a.'Baa 
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^V ihe perfection of the Tucunm created as npon^^f 
^ atmospheric pressure itself. Instead, then, of Il^^| 
able to raise water by means of snction pumps b^^| 
S4 feet, as we should be entitled to espect theoreti^^H 
it is very rarely that suction pumps can he mat^^H 
work at greater depths than from 16 to 28 feet; a^^H 
all such machines the chances of diminished ^^H 
increase with the dimensions of the pump itse1f.^^H 
practice, the usual working depth of a suction piu^^l 
made about 24 feet ; and the diameters of the Bii|^^| 
and ascending pipes are usually made from J-tcr^H 
the pump-barrel itself. It is necessary, in order t^ 
secure the greatest results from these machines, thit I 
when the piston descends it should touch the lowr ' 
clack, 80 as not to leave any space between the lal.t: 
and the under side of the piston. The power to I" 
applied to the handle must be in excess of the sum ni . 
the weights of the column of water above the piston, ,1 
and of the column in the ascending pipe, and also b^ I 

t sufficient to overcome the friction of the various pftris i 
of the machinery. 
74. The forcing pump may be either a species ■- 
mUtig pump, when the column of water is 
Meetly upon the piston ; or strictly a forcing j 
»ben the water is driven by the piston into an a 
ing pipe. It is usual, in ordinary cases, to combiiri 
BQction pump with both these varieties of the i 
pump, in order to make as much use as possible a 
atmospheric pressure upon the surface of the wat« 
75. Evidently any kind of pump, in which the w 
weight of a liquid column has to be set in motion »' | 
each stroke of the piston, must be so disadvantage 
^L that it cannot be a matter of surprise that the ord 
^B lifting pump should be rarely used ; nor will n 
^Hbvt^Zi wbUe here to dwell further upon it, than te^ 
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it this descriptioQ of engine is really nothing nu^H 
an the suction pump ah-eady described, the uppei" 
be of which has been prolonged. The forcing pump 
nsista of a ban-el and suction tube, separated by a 
uk, opening upwards only into tlie barrel. The 
Bton, instead of carrying a aecond clack, is solid, and 
e clack is placed at the entrance of the ascending 
pe, which usually branches off from the barrel in a 
cizontal direction for a short distance, and then 
oends vertically. The motion of the second clack is 
SBtt the barrel outwards. 

76. The action of a pump of this description will be 
alogona to that of the auction pnmp until the water 
iea into the barrel, from the atmospheric pressure ; 
{pause the piston will rarefy the air beneath it, and 
p unbalanced pressure upon the coutaining reservoir, 
U cause a column of water to rise in the tube, 
tec, however, the water shall have entered the 
iirel, the piston, upon its next down stroke, will 
&Be the water to force open the foot valve of the 
eending pipe, and to rush into the ascending column. 
be pressure of the water in the latter must act upon 
) base with a weight proportionate to its height, and 

Ihen a motive force be employed in excess of thi 
jpSBure, the water will continue to be lifted to -'^ 
^ht proportional to the assumed motive power, 

77. In those suction and forcing pumps, in which 
le water does not rest upon the piston, the effort 
KeBsary to raise the latter is only the weight which 
ould be required to move a weight equal to that of the 
ilnmn of water raised by the suction. But in the act 
[ descending, the piston compresses (to a slight 
Rent) the water, and causes it to flow through the 
h Talve, and to rise in the ascending column ; con- 
^B^^^xeomres a power able to set, in. m<:>^\^on.'Cb^ 



■whole weight of the latter. There must be evida 
great advantage in equa-lbing these actions, whic 
always easy to do, when the total height to wMoi 
required to raise the water does not exceed 56 f« 
merely placing the barrel in the middle of the 
the cleai' difference of level between the uppe 
lower extremities of the delivery pipes is 
Beyond this height it becomes necessary to 
mechanical arrangements, in order to commi 
greater power to the descending, than to the ascS 
stroke of the piston ; and it is in such cases th 
"application of steam power produces some of itj 
nseful and startling results, as exemplified in thi 
mining, or water-supply engines. 

The pistons of forcing pumps were formerly 
made of wood, or of metal, packed with leather. 
to work closely against the sides of the barre 
latterly, the so-called plunger pumps have been 
generally used. In these pumps the plimge 
metallic cylinder, either sohd or hollow, of a le 
little greater than that of the stroke ; the dij 
being from J to 1 inch less than the diameter 
barrel. The packing is fixed, and it is indeed i 
by the stuffing-box. The plunger, in its descent 
the place of the water, which it drives before i 
in its ascent it creates a vacumn in the suctioi 
which is immediately filled by the atmospheric pi 
upon the water in the lower reservoir, 

78. In any pump, therefore, the useful results 
be represented by the formula Pm = Wk, in. 
we have 

Pm — the motive power employed ; 
W = the weight of the water raised; and 
h = the height to which it is so raised above th( 
PractJoaUy, however, the useful effect is diriM 
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e friction of the packing, of the piston rod, and o£ 
Be column of water against the sides of the pipe; 
here is also a loss of power occasioned by the mode 
if transmission of motion. Moreover, the weight and 
.he friction of the clacks diminish the effective dis- 
sharging power of the pump ; as also must the varia- 
dona in the direction and velocity of the ascen 
column, to which must be added, the influence of the 
Telocity of the stream at the point of discharge. In 
the most perfect descriptions of pumps, it is possible 
that Yfh may = from 075 to 0-80 Pn* ; but, generally 
epeaking, the coefEcient of the useful effect does no! 
exceed, even if it attain so much as, 0'75. 

79. Syphons are bent pipes, with legs which are, fol 
the most part, of unequal length ; and they are, in the 
arts, most frequently used for the purpose of trans- 
ferring hquida from one vase to another, in such 
wise as to avoid any motion in the liquids of a natura 
to affect their mechanical purity. The simplest fon 
the syphon ia represented by the annexed sketch 
Kg. 8. 
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be filled with water, and the short leg, A B, be inBOM 

in the vase, E F, the water will be discharged in a d 

tinuous stream through c, if the latter be opened,! 

the section of the bent tube should not be too gn 

The rapidity of the discharge will he increased in M 

portion to the increased difference of level between! 

surface of the fluid in e f, and that of the orifioa 

discharge ; or it may become constant, or eyen cfl 

altogether, when that distance is made to retain a fl 

proportion. The theory of the movement of fluids 

rphona is very simple ; and the practical applicafl 

f the principles upon which it was founded, as UM 

Kceded the clear recognition of the principles tiM 

Hves ; for tlie ancient Egyptians and the Koifl 

Bpear to have habitually employed this clasd 

ichinery in the ordinary transactions of basineM 

I may judge by the pictorial representations wfl 

tve been preserved. It was reserved howeveifl 

Ucal to discover the laws which affect the dettfl 

ition of syphons. It is to this author then thttfl 

Stb the authorative announcement of the laws, bi9 

ketched in the following paragraphs. I 

I 80. As the pressure of the atmosphere on a tfl 

rface is able to support a column of about 33 on 

iet high in a hollow tube, wherein a vacuum has fl 

lade in the upper part, if we suppose that a efl 

tition w he placed in g, or the highest portion ofl 

rphon (fig. 9}, the column between a and e f wilJS 

^y be sustained, but it will be pressed againatfl 

tition w with a force equal to the weight of a alifl 

pluran, having a base, w, and a height of firom Sfl 

, feet, minus the difference of level between 9 

rface e f and the partition w. But when the syfH 

I- filled with a fluid, the opposite side of the partu 

Wis acted upon by a columa of the same transfel 
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snfiiona aa before, having, however, the height of 
or 84 feet, minus the difference of level between w and 
tie surfnce, H K, of the lower or receiving vase ; thia^ 
preseiire, conse- 
quently, 

than the first. 
It follows, tliere- 
fore, that if the 
[lartition w were 
laoyeable, or, to 
return to the 
iBtual conditions 
if syphons, if 
there 

such partition, 
tliat the liquid 
section at the 
point 
Would be ur{^ 
ill the dii-ection 
i,G,H by a force 
liQual to the dtt 
ference between 
tiiele\el3 of the 
liquids m the 
upper or low er 
teesela thus put 
111 commumta 
^Oii with one 
mother 

fl In the 
"liove reasoning 



the pressures exercised in the interior of the sy-j 

upon the levels of the respectiye \esae,\&«te «,^\osl 
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antl of the same character ; but this would Hot 
decidedly the case if the syphon and the vessels 
ineraed in a liquid able to exercise a pressure tipoi 

exposed siiriaces of the reservoirs, such as to couci 
appreciably that of the column producing motion, 
for instance, if the vases were filled with mercury- 
immorsed in water, the pressures upon their 81 
would be very different, and the excess of the firat 
the second would equal that produced by a colni 
water equal to the difference between the levi 
those surfaces. This excess of pressure, which 
raise the mercury in the longer leg of the s 
would immediately retard the flow ; and the presi 
which will really produce the movement of the lii 
would only be equal to the difference of the well 
two columns of mercury and water having the 
bases and lengths, equal to those of the 
branches measured between the surfaces of the vei 
A very curious fact results from this law ; namely, 
if the liquid exterior to the syphon were denser 
that in the interior, the direction of the flow would be 
reversed, or that it would taie place from the longer to 
the shorter leg of the syphon. This phenomenon 
is rarely exhibited in the transmission of liquids ; bo' 
it may be observed to take place in the movements of 
heated gases in chimneys, or in artificial ventilation. 

82, In using syphons the ordinary course is to fill 

the instrument with the liquid to be transferred, either 

*by pouring a sufficient quantity into the tube, or by 

[hausting the air in the longer leg, which leaves the 

resBure upon the surface of the upper vessel un- 

jed; and therefore allows the liquid to rise over 

jhe summit of the syphon. The ordinary form of the 

__TibonB used in the arts, or for philosophical experi- 

toents, is that represented by fig. 10, in which a laternl 
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tl B, A, is soldered to the side of the longer leg, 
a small bulb at the point c. When this 



(^^^ 



is used, the extremity, D, is closed, and the 
iausted from the interior, the exhaustion is 
be completed by the arrival of the liquid at 
then opened, the liquid will continue to flow 
igh it ; but it must be observed, that inasmuch as 
longer leg commuiiicateB with the air at c, the 
! pressure is limited by the height of the 
When large syphons are used, as iu the case of 
>rk3, or embankments against the sea, it is 
fy to have their two extremities immersed ; for 
se the air would enter and accumulate in the 
leg to such an extent as to cut off the column. 
these large syphons at work, it is usual to 
'the air they may contain, and then to fill them 
IS of a small pump placed near their summits ; 
e liquid rises up to the pump itself, its clack is 
down, the bottom valve of the syphon is 
and the passage of the fluid commences. A 
Dd description of the syphons used in the Doe 
" -B, by Mr. R, Mallett, will be found hi Weale's 
'ly Papers on Engineering, 1847;" and in 
"Traite des Machines, vol. 3, Paris, 1819," 
found some useful information upon the subjects 
pumps and syphons. 
SeTersI macbines, whose actions depci\i M."2cra. 



^Be application of the laws of pneumatics, are used otifl 

^■enaily in hydraulic engineering, such as the diraj 

^BbII, camels, floating docks, &c. ; but their detaUa be- 

H^g BO much more especially to the other brauches of 

practical mechanics, that it may suffice merely to allude 

to them at present, or to describe some of the more 

important of them incidentally in subsequent parts of 

^rthis work. The application of the motive power ot 

^Bond to land drainage is, however, often of so great 

^pnportance, that it seems advisable to dwell upon it 

^^omewhat more in detail than it is proposed to do with 

respect to the class of machinery just mentioned. 

84. Smeaton, in a paper communicated to the Royal 
Society 1757, drew up the following table of the velocitj. 
nd the perpendicular force of the wind under di&rent 
^cumstaoces. 

TABLE IT. ^M 




Hllo per 


FKtper 
Beesnd. 


Perpendicular Force on One Sqnue Foot ^H 


1 
3 
3 
4 
G 
10 
IS 
20 
!5 
80 

40 
4G 

fiO 
60 
80 
100 


1-47 

2'S3 
4-4 

6'87 
7-33 
14-67 
22'OD 
29'34 
36fir 
44-Ui 
El -34 
58-68 
66-01 
73-35 
88-02 
117-36 
146-7 


0-006 
0-020 
0-044 
0-07EI 
0-123 
0,492 
1-1 OT 
1-968 
3-075 
4-429 
6-027 
7-8r3 

12300 
1771S 
31-490 
48-200 


H&rdlf perceptible. 

Gently ploasant. 

Pleaaimt, brisk. 

Very brisk. 

High wind. 

Verj bigb wind. 

Stam 017 tempest 

Great atorm. 

Hurricane. 

HurriooDe, tearing up treea 


vi 


:t has been found, practically, that a wind iaq^| 
h B velocity of less than ten miles per boor iajH 
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insure the working of a coiii mill ; when the 
exceeds twenty miles per hour it is necessary 
the sails. A wind travelling with the last- 

iTelocity is, however, considered to be the moat 

B for the purposes of navigation. 

iccording to Smeaton also, a windmill yields 

atest effect when its sails are made with concave 
of a rnther complex form, the generating linea 

ih, situated at points obtained by dividing the 

of the sail into six equal parts, form with the 
the shaft, or the direction of the plane of 
nt of the sails, the angles indicated in the 

ig table. (The generating line No. 1 is that 
nearest to the axis, and it is at this point that 
jegins.) Usually the width of the sail varies 
-J- and i of the length ; and, in the best mills 
exceeds i of that dimeosion. 



I. 


Angle Willi 


Angle with 

PlMB of 

Moiement 
or the Sailt, 


OliaetTallona. 


' 


ra'oo 


18°00 




t 


71-00 
72-00 
7i-00 


IB-OO 
18'00 
1600 


The angles of the third column 
are the complemeats o! those 
in the aecond. 


1 


77'60 


12-fiO 




1 


83-00 


7-00 





|!tom the same authority it would appear that 
Ifae- sails of a mill are well filled, the velocity of 

tremities, without a load, is equal to four times 

Spcity of the wind ; and that it is necessary tha.t 

Y of the exti'emities, with & \oaA., s\«w 



leci^oj 



^\\Q[<^^^ 
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2'5 or 3'7 the velocity of the wind, in order to obt 
the maximum useful effect. These same useful e 
produced, are found to he in the ratio of the cubed 
the velocity of the wind, and they may be represeia 

by the formula P = — -— — , in which P repree 

the impulse in pounds avoirdupois ; v, the veloc 
the wind in feet per second ; a', the area of the 
feet ; and 0, the angle to the direction of the curre 
Claudel gives a very simple aud a very useful fonnuk 
for estimating the power exerted upon a plane surface, 
normal to the direction of the movement of the wind, 
which may be usefully quoted here ; it is the one in 
which 

P = ds X 2fi, wherein 
P represents the pressure in lbs, per foot superficial) 
d, the weight of a foot cube of the air in movement; 
s, the surface of the plane receiving tlie shock, measured 
in feet superficial; and h, the height producing tie 

velocity, or A = — - according to the usual formula upon 

the subject. In this case it is supposed that the baro- 
metric pressure is equal to 30 inches of the mercurial 
eolumn, and that tlie temperature is equal to 53'fl ; 
under which conditions d would equal 3'711bs. avoir- 
dupois. 

87. In Holland windmills are extensively used for 
the purposes of drainage ; and it is the practice in that 
country to employ one mill, with sweeps of from 80 to 
90 feet in diameter, for every 1250 acres drained, 
provided the lift do not exceed 5 feet. These mills are 
considered to work upon the average 00 days in the 
year, and to raise an effective total quantity of water 
equivalent to 695,220,000 cubic feet of water lifted 
J foot vertical. £ut it must be observed that the 



^^B " Wuidwatermoelen " &re very far indeed from 
^^^pg the maximum working effect they might 
^^Hoe if they were built upou the more modem aud 
^^nly more approved plans. It is extremely rare 
^^Ka mill which "winds" itself; and still more rare 
^^Ho see the sails of a mill provided with self-regu- 
^^B wooden blades, instead of canvas sails, which. 
^^H)e furled by hand or be blown to rags if 
^^Hed storm should arise. In England it has been 
^^H to be, on the whole, more economical to employ 
^^K power than to use t)ie motive power of the wind' 
^^^k purposes of drainage, as we shall have occasion 
^^H^r to mention in the chapter of this work, 
P^lially devoted to the consideration of this question, 
^ftere coal is dear, and iron is expensive, windmilli 
ivill always be of the greatest value for engineering' 
purposes ; and it is, therefore, much to be regretted that; 
'hiij class of engines should have been so systematically 
iitgtected as it baa been of late years, especially bj* 
Enghsh engineers. 

B8. Coulomb observed, we may here add, that the total 
annual work of a windmill was only ^ of the effectivff 
power which such a machine would be able to produca 
by working continuously under the most favourable 
circumstances. This calculation is very far in excess 
of those of the Dutch water engineers ; and the experi- 
ments of both Hachette and d'Aubuisson, show thai 
Coulomb was certainly deceived in the matter. It i^ 
l>ut fair to observe that the class of water raising 
iciichinery, to which the Dutch windmills are generally 
wpplied, is of the rudest and most incomplete descrip- 
'n)U of " dash wheel," as it is called ; and that really, 
'■ :my machine of this particular description, the 
■ i[ilicity of its construction and the facility of 
ijfpwra are often of much greater importancft *^^^ 
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atttunment of the maximum dynamical effect from 
motive power emploj'ed, 

89. There are many other phenomena connected 

with the science of pneumatica of great interest to 

le engineer and to the public in general; such as 

lose connected with the movement of gasea in pipes, 

irostation, sound and its transmission, evaporation, 

distillation, crystallisation, &c. ; to some of which il 

■will be necessary to refer hereafter in Uie consideratiun 

of the practical details of the comprehensive science 

»f hydraulic engineering. In the meantime, if tJie 

ider should require, at once, further infonnatiou 

Ipon the numerous subjects thus alluded to, he i'i 

ferred to the other Treatises in this series, especiallv 

upon hydraulics, pneumatics, rivers, &c,, t.ni 

the list of authors to be found in the Appendix U 

present work. 

APPLIED CHEMISTRY. 
0. The conditions under which the various building 
materials decay have so great an influence upon the 
stability of the structures erected by the hydraulic 
engineer, that their investigation ought always to com- 
mand attention. There is much obscurity, howevar, 
vrith respect to the practical application of the grelt 
principles of chemical science to building purposes; 
and the various actions and reactions produced by Uif 
materials used, or by the external agent to which they 

iare exposed, have not yet been studied in any conse- 
cutive or philosophical spirit. The following remarl* 
must, therefore, be considered rather as an attempt W 
collect and record the little which is actually know 
Bpon the subject, than as a statement of a body "' 
ggeientific principles. It would perhaps be convecien 
Sir the purposes of investigation to discuss 
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' ' I'.ilition of the chemical actiona observable in baildiI^^ 
'iteiials, 1, in air, and 2, in water; but these actioniM 
"J often eo intermingled that any Buch suhclasei'fl 
■;(tion can only be partioUy observed. V 

;il. Of course all these materials are perceptibly 
fifl'ijeted by the changes of volume produced by varia- 
tiuua of temperature, and in designing any important 
building of the class now under consideration it ia 
absolutely necessary to take into account the probablf 
effect of the dilation consequent upon an increase o 
that description. Extreme cold, however, exercises a 
more marked influence upon the mechanical structui 
of building materials than the ordinary degrees of hea 
are able to do ; and this influence is itself the greats 
in proportion to the amount of water which may b( 
present in the pores of the material. It is indeei 
principally on account of the change of volume pro 
duced by the passage of the contained water from i~ 
hquid to the solid state during congelation, that disio 
tegration ensues ; and it therefore follows, that up to 
certain point, and under certain conditions, the facilit; 
with which any substance absorbs water may be con 
Bidered to he an indication of its tendency to deca 
under the influence of extreme cold. There appear 
liuwever, to be several very marked exceptions to thi 
rule, at present inexplicable ; for some of the moi 
commonly used descriptions of building stone absort 
water freely, but do not yield easily to the effect ( 
cold ; and in the case of the distinctly mai^ked beddin 
of the Yorkshire paving, it rarely happens that th 
water which may exist between the layers causes thes 
to separate upon the occurrence of frost. The variot 
fliotals fti'e often seriously affected by extreme cold 
■Hid this influence extends not only to their chan^ 
jplume, but aJso to the modiftcationa oi ^ea « ' 
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FjhyBiciJ characteristics; for instance, some of dksJ 
metals become in times of frost extremely brittle^ ^M 
they lose in fact much of their malleability. Iroili^| 
especially liable to this action, cast iron even mon^H 
than wrought; and it would appear that there is B^^| 
land of inverse relation, hitherto not clearly ascertai^^l 
between the rates of fusion of the different m^^H 
and their susceptibility of change in their condit^^f 
of malleability under the action of extreme <^^| 
Woods vary less in volume with changes in the dt^^f 
spheric temperature than the other building niateri^H 
especially when they have previously lost their Bl^| 
but even they are not exempt from the action ^H 
question, and it has been observed that a species-^f 
torsion of the hbres takes place in wood when direOoH 
exposed to the sun's rays, and that the fibres slowly aaH 
imperfectly follow their path. The influence of ]^^| 
upon the cohesion of building materials becomea^H 
the most serious importance in cases wherein machi^^H 
of any description ia employed; and it is thera^^J 
impossible for the hydraulic engineer to exaggerat^^H 
importance. The rupture of chain cables, tie-r^^| 
bollards, &c., when exposed to sudden shocks dn^^H 
hard winters, is of sufficiently frequent recurreno^^J 
justify the short notice thus given of its danger. ^^M 
92. The chemical actions which take place in btuU^^| 
materials are, however, even more injurious than ^H 
very decidedly mechanical ones thus alluded to ; l^| 
they are similarly affected by the conditions of til^| 
perature ; and as they depend upon the recipr^^| 
influences of the atmosphere, and of the elemenfi^l 
substances of the materials in question, it ms}H^| 
desirable, flrst, to notice in general terms the fid^| 
position of the atmosphere, and then to examine bz^4^| 
^Jlie changes it is able to produce ■. lie composition BsH 
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f sea water will be noticed incidealally. In its 
1 state, the atmosphere is considered to be com- 
lecd of oxygen and nitrogen, in tlie proportions of 208 
'the former to 792 of the latter; but it also contains, 
. variable proportions, dependent upon local causes, 
imerous other gases, such as carbonic acid, ammoni' 
lal, hydrochloric, nitrous, sulphurous, and sulphu- 
tted hydrogen gases ; and it is important to observe, 
lat the relative proportion of these gases varies in 
le same locality with the elevation above the ground. 
Messrs. Eoussingault and Levy ascertained that the 
lautity of carbonic acid gas present in the atmosphere 
' Paris was 3-253 parts in 10,000, whilst at Andilly 

was only 2-989; but Levy himself considers the 
■oportion of this gas usually to vary between the 
initsoffrom 4 to 6 parts in 10,000. Carburetted 
{■drogen is found most abundantly in the neighbonr- 
)od of marshes ; nitrous acid gas in districts which 
B subject to violent storms. Freseniua states that 
le quantity of ammonia (in various forms, such as the 
dde and carbonate) usually to be found in the air, is 
iont 0-677 in 100,000; a quantity Boussingault's 
(Servations would lead us to believe to be less than 
.e one which really obtains, for he found that the 
iiDionia in raio water varied from 1 to 5'45 in 
Hi, 000, and that the proportion depended mainly 

(jti the position of the place where the water waa 
U.^cted. Under any circumstances, it appears that 
e night air contains more ammonia than than that of 
e day ; that of towns contains more than the air of 
iiintry districts; and from the observations of M. 
' . vaUer, it would appear that other forms of ammonia 
iicetate and hydrosulphate) are often to be dis- 

, ;:it;d in notable proportions in the air of towns, 
I aBcertained tliat the air of the ^Uotea ciS. '^'s 
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^Bdciliterraiieaii and of the Baltic contained a ceit 

proportion of hydrochloric acid ; and tJiere seesf 

be every reason to believe that the same fact ■ 

exist in other localities of the same description 

tiendent of course upon the rate and condition 

Sevaporation there prevailing. Many other gases fl 

■so doubt, be present in the atmosphere, though m 

f their extremely minute proportions, it is diffictfl 

If ascertain their precise influence, or even their exisfl 

[ne cases. M 

. The meteorological conditions of the atmotn 

ire subject to periodical variations, and they haTiS 

Inctly mai'ked phases of nocturnal and diurnal eqn 

oleas any extraordinary circumstances should oo« 

modify their action* Thus, in clear weather the M 

rphere attains two maxima and minima in its eleofl 

rstate ; the first maximum occurring between seved 

I nine in the morning, and the second between Ber^| 

L nine in the evening ; the first minimum about &M 

■'the morning, and the second between five and ta 

the evening : but it must be observed that the bfl 

Kjnetric state of the atmosphere frequently modlGdl 

_*bove cited periods. The intensity of the sun's ■ 

Euid, therefore, necessarily that of its actinic iiiflij 

i its maximum rather before midday, and it hafl 

ma corresponding nearly with twilight, A M 

1 occurs in the temperature about two o'oloa 

llie afternoon, on the average of the year, but ■ 

) a slight irregulaiity according to the season 

iiinimum occurs, according to M. Bouvard'a obd 

■tions carried on in Paris, when the sun, in the m 

I of the day, occupies a position of about 1J| 

(Ibelow the horizon ; the period of the diurnal M 

temperature varies in tha different months of the ■ 

Be IS about zuidday that tKe a.lmo&^h^re is generaU 
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Lest state, and about midniglit it contains the 
pe«test quantity of moisture ; whilst it is between 
ddnight and sun-rise that the greatest deposition of 
ew takes place, on account of the greater degree of 
3ld we have already seen to prevail about that part of 
te day. In our particular (northern) locaUties the dis- 
irbances of the barometric action are not characterised 
f any regularity; but, as a general rule, there appears 
t be a tendency in the atmosphere to increase in 
ressure in the morning, for the mercury in the baro- 
leter then generally rises ; it falls about midday ; 
ses again about sunBet; and falls once more about 
idnight. In fact, however, it may be considered that 
te fluctuations in the meteorological conditions of the 
mosphere are affected by the relative positions of the 
m and of the earth ; and that they rudely correspond 
Ith the cardinal positions of the former of those 
>die8, at its so-called rising and setting, and at mid- 
iy and midnight. la London itself, tlie mean tem- 
^ature throughout the year is 50" 60', whilst that 
f the adjacent country districts is 48° 50', The 
lermometer in that town very rarely rises about 96", 
id the greatest cold recorded has never descended 
iiow 5° under zero of Fahrenheit's scale. The mean 
kDge of the barometric pressure does not exceed 
'&7 inches. 

04. One of the most important conditions of the 
tmospheric action upon building materials is that one 
umected with the rate of evaporation, and the amount 
r humidity in suspension ; and the intensity of these 
iSpective phases of the hygrometric influence is the 
reatest at precisely opposite seasons of the year, 
'hftt is to say : evaporation is the most active in the 

Ber, and the least active in the winter months ; 
the opposite law prevails with xes'pecV. \o "^^^ 
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punonnt of moisture in suspension in the atmoeJ 

Thus, Mr. Daniel estimated the total mean el 

ration in the aeighbourhood of London at 23"974 ia 

per annum, ranging in the yarious months of thn 

from about half an inch in January and DecemM 

3J inches in June, and 3} inches in July ; I 

assuming the complete saturation of the atmon 

L with humidity to be represented by 100, that ql 

months of December, January, and February -wll 

[expressed by 92. In the intervening monthd 

jiumidity diminishes with tolerable regularity! 

minimum of 78 at the end of June, excepting ■ 

ing irregularity occurs in the month of Mm 

Kthence appears that the greatest amount of moisU 

psuspended in the atmosphere precisely at the -m 

KVhen the temperature is the lowest, and when bm 

he most likely to affect the moisture which mi^ 

B-fibsorbed by the porous building materials ; whin 

T the other hand, evaporation takes place witS 

greatest energy at the period when the conditid 

temperature would be most favourable to thn 

duction and development of the salts generated 9 

I action of the absorbed moisture upon the earthy ■ 

■ of those materials, which salts are either themn 
l-.actively destructive, or from the fact of their soltfl 
I or of their deliquescence, facihtate the decompoBiia 
§i^e various metals, stores, or timbers. I 

95, The conditions under which mineral substl 
iLave crystallised appear to exercise a greafl 

■ Mtherto unexplained influence upon their potn 

■ resistance to external agents ; and it would also (M 
f .that it is a matter of great importance to hara 
I original erystalhsation undisturbed, Thus, ia 
I oases of the various descriptions of silica usuallyfl 

wiih by the hydraulic eugiuefti:, we find thtn 
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lecidedly characterised form of the " quai'tz " is able 
to resist any ordinary amounts of heat and nearly all j 
chemical actions, but that flint, an imperfectly or 
Eimorphously formed crystallisation of silica, is auscep- ! 
Uble of decomposition in caustic alkalis under high I 
pressure ; and that the silica beds of the subcretaceoua 
group can be reduced with comparative ease to the I 
gelatinous form without pressure. Again, the amor- 
phous limestones, such as the common chalk, are ' 
Soluble in water with comparative ease ; but the more 
decidedly crystallised oolites, or any of the more dense 
and more regularly formed stones or marbles, resist 
tlie solvent action of that element iu a very marked 
manner. But all forms of crystallisation ore not thus 
permanent, and there' is, for instance, a large class of 
tuaterials used in bmlding — the sulphates of lime — 
ivhich slowly dissolve under the action eyen of the 
moisture in suspension in the atmosphere. Any me- 
chanical interference with the crystals of the various 
bodies under consideration has a decided influence 
Upon their durability, not only because it destroys the 
Coherence of the mass, but because it leaves the 
Separate molecules more exposed to the attacks of 
external agents. It is for these reasons that it is 
Ondesirable to attempt to alter the forms of metals 
bfter they have once crystaUised in cooling ; nor can 
Uie practical results obtained by the lamination of 
Iron, lead, or zinc be considered to invalidate this 
opinion; because, first, those metals possess rather 
la ore of a fibrous than of a distinctly crystalline 
character, and secondly, there is reason to believe 
tliftt a fresh arrangement of the crystals actually takes 
^lace under the influence of the various actions deve- 
loped during, or by the composition. In the case of 
t^ast, and subsequently rolled glasses, ^e eSec^a ^ 
. i 
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the subsequent interfere nee a above alladed 
often be distinctly obsei'Ved. 

96. Tlie hydraulic engineer, however, : 
directly interested in the study of the infli 
the laws of crystallisation upon the resistance 
materials as bricks, and limes and cementf 
enter so largely into the constructions he is e 
to direct. It would appear, in these cases, 
durability of the silicates, whether simple or coi 
depends mainly upon the facts of their gradua 
tion, if obtained solely in the humid way, or 
formation under the influence of intense '. 
obtained by any rapid process. It is for thi 
that the powera of bricks to resist decay depent 
upon the degree of burning to ^hich they ha 
exposed. Of course this degree must vary 
composition of the clay of which the bricks ta 
and it would be the least in those clays ci 
bases able easily to form crystalline double sili 
combination with the alumina ; but it is m 
that the underburnt pulveriilent bricks, or i 
which no indications of a rude crystallisation 
observed, rapidly decay in damp positions, 
even there they may serve one good purpoa 
noticed hereafter ; whilst the dense, senoi-vitro 
crystalline texture of the harder burnt bricks 
tiiem to resist external agencies. In the pha 
connected vrith the solidification of some Hi 
facts above mentioned ai*e perhaps even more d 
observable ; for it is now established with t 
certainty, that limes and cements only resist 
solving action of sea-water when they have pp 
given rise to the formation of a subcrystaUim 
silicate of lime and alumina, or of lime and TO 
This double silicate is formed slowly in cases 
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■ne 18 obtained from the argillaceous limestone^.] 
EniDg Email dosea of alumina, more rapiilly in] 
I wherein the clay exists in larger proportious in 
lone ; but in neither of these caaes do the resulting' 
■ititious materials attain the ultimate hardness or 
KB of resistance which they do when obtained from 
■tore of the proper proportions of chalk and clay 
Kmate of lime and silicate of alumina) burnt at 
K;h a temperature as to produce the commence- 
B of vitrification. It is upon this principle that 
Bprtland cement may be considered to be so much 
mtyt to other materials of the same description ; 
■is upon the principle of the slow formation of the 
Be of lime and alumina in the humid way, that we 
hxplain the useful action of the soft bricks alluded 
fcve. The alumina is, in fact, gradually taken np 
fe lime, or a portion of the lime passes into com- 
Hon with the alumina of the bricks, by a species o£ 
Biange when such materials are constantly ex- 
P to water; in workmen's phrase, they thus, 
be "water bound." But alike whether the com- 
■on take place slowly or rapidly, whether it take 
■ in the dry or in the humid way, neither tha 
B nor the double silicates can be resistant 
Hernal meteorological agents unless they have 
ped a commencement of crystallisation, and the 
B perfectly that action has taken place the 
kient will be the resulting substance. 
B Of the natural building materials, so to speak^ 
■y employed, a very large and important class — ■■ 
Kiose containing much felspar, such as the plu- 
■rocks, or the granites, porphpies, whinstones, o] 
■b — yield to the ordinary action of the atmospherai 
■iable degrees, according to the compositii 
Mlimi iliiiilf and to the conditions oi 
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eirjrBtalline arrangemeut. It may lie that tlie { 
coinpet^tness of some of these mBterials influeoca 
Ttfant&uce, aod that their homogeQeity, or their 
stmcture, may likewise have some effect ; for, evii 
the more open-graiDed or porous materials must i 
greater quantities of water than the denser one 
they must, consequently, be more likely to be a 
by the changes of form of the water itself: and i 
equally be evident that the different rates of exp 
of the elementaiy substances which enter in 
composition of the various compound bodies mm 
t() disintegrate the latter, if those rates be alio" 
operate in their most extreme degrees. The de 
these materials, then, may be considered to be ag 
mechanical as it is chemical ; and a safe rule i 
established as to their use, namely, that those 
be preferred which, awt generis, have the s 
grain, the most regular crystallisation, and the si 
composition ; the mere specific gravity of the pJ 
materials is in itself nearly an infallible critei 
their powers of resistance to meteorological 
The same remarks may be extended to the slate 
for their durability mainly depends upon their 
and the even texture of their mass. 

98. In the sandstones and conglomerates, deo 
proceed from either the decomposition of the cem 
materials, or from the mechanical disintegration 
ing from the unequal contractions produced by cl 
in the state or temperature of the atmosphere, 
instance, the cementing material should be a Hm' 
or even a clay, it may often be soluble in wat 
qnently renewed, especially when that water C( 
any appreciable proportion of carbonic acid gai 
almost always the case in rain water. Or again, 
cementitious material should be simply of a di 
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bty for heat to that of the substauces united, or 
J- should principally be disposed in layers betweeO 
Incipal ingi-edients of the mass; frost will 
ikely to cause them to disintegrate. It is thua 
Bstones, such as the Bramley Fall, in which the 
ptitJouB material to the large grains of silica is 
I nearly a pure silica, resist external causes ot 
Bfty with remarkable energy. Whilst, on the oth^ 
hand, some of the Yorkshire stones, those in which 
llie layers of agglutinated sand are occasionally 
separated by means of thin sheets of clay, are markedly 
'■sposed to decay from the fact of the filtration ( 
witter between the various beds. It is, however, im- 
portant to observe, that the decay which actually arises 
with these materials does not affect the silica, or their 
main element, so much as it does the cementing 
^;:!ilerial, or the adventitious substances entering into 
i-ir composition. With limestones, however, thig 
I .laes to be true, for both the carbonates of lime 
(whether argillaceous or not) and the magnesian Hme* 
stones, are more or less easily soluble in pure water, 
or in water containing small doses of carbonic acid. 
It may, therefore, be considered that the hydranliti 
fngineer should avoid, as far as possible, the use i 
building materials of this description under water; 
mid if from local considerations of economy he shonl ' 
Hot be able to use the siliceous stones of a densej 
uniform, and crystalline nature, he must be careful i 
(electing such limestones as are likely, from the con- 
ditions of their structure, to resist the action of th* 
dement to which they are exposed, or, in other worda 
to select the densest, most uniform, and most crystalline 
varieties of limestone. _^^ 

99. When permeable building materials ate ex^Qaa^ 
f^temations of wetness and dryness, ot Kta "sw* 
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^on the limita of their capillary action on 
tuoisture of the ground, a. chemical effect of a 
complicated nature than either of those hitherto 
sidered begins to take place. In proportion to 
permeability of these materials themselves new 
are formed, by the decomposition of the ori{ 
elements under the influence of the water, and 
gases which permeate their various substances, 
only does this action cause the bodies exposed to 

ly, -on account of the chemical changes it 
mduces, but the efflorescence of the salts thus ft 
tends to destroy the substances in which they are foi 
■ the mechanical force developed in the proci 
leir crystalUsatiou. The generally received opi 
a the subject of the formation of these salts 
Biey consist of the nitrate of soda — the saltpet 
fommerce — or of the nitrate of lime, and that 
^trogen is furnished by the decomposition of 
oimal matter which is diffused through all stratiSed 
iposits. Damas states that azote and oxygen combiflfl 
bioet readily under the influence of electricity ; but 
Kiat the energetic bases, such as lime and magnesia. 
Kay sufBce, especially when water is present, to replace 
that intermediate agent. However the formation of 
saltpetre upon building stones be explained, it is 
certain that it is produced in the greatest abundance 
in the zone of the alternations of dryness and humi- 
dity; and it may be observed that building materiai-^^ 
decay, from this cause, much more rapidly when they 
are exposed to the action of tides, or at a small heigli' 
from the ground, than they do under water, or im- 
mediately in contact with damp earth. It is, therefor*', 
necessary to use, in positions exposed to the alterna- 
lions above referred to, only such materials as are of :' 
ilfinu p ^ ■mi'f.T rm character, and axe oomijoaed of elemerts 
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^^Blnble in water. Ordinary carbonates and magnesia 
^^BoDatee of lime should not be used iu these poaS 
^^ft; but wherever it is possible so to do, the crystal 
^^Hor conglomerate, silica rocks should be employed 
^^H^ey resist the chemical actions of gases quite a 
^^Htually as they resist the solvent action of water. 
^^BO. Wood when employed in works connected wit 
^^Haulic engineering is exposed to several specif 
^^Bts of decay, arising from the peculiar series < 
^^^■ges which take place in its elements under tli 
fRBaence of the organic substances it contains. Tlu 
decomposition and fermentation of the sap, and th4 
apparently spontaneous development of 
bodies, are amongst the most stilting illustrations 
these changes; but in addition to them, wood is ( 
course esposed to the ordinary laws of inert chemistr; 
BO to speak. The danger arising from the first citej 
causes of decay may almost entirely be obviated 1 
observing the simple precaution of not placing thi 
wood in a building until the whole of the sap hi 
withdrawn, and of maintaining something like a cir- 
culation of air round the portions buried in walls, if 
Eome portions should be thus buried, and othere 
exposed to the air ; for it is to be observed that i 
which are constantly covered, either by earth or 1 
water, do not decay in the same manner as those whitj 
we partially exposed. It is impossible at present t 
explain the reasons for the difi'erent resistances i 
woods, even under precisely similar circumstances ; biri 
it is essential for the hydraulic engineer to observJ 
that such woods as oak and fir resist more effectuallfl 
alternations of wet and dry, or, to use the workman'(( 
phraee, "last better between wind and water," thsu 
beech, ash, or elm ; but that elm lasts for a very lon( 
I if kept constantly under water, and. tliai Viat'^ 
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iles ara even more durable than fir ones in damg 
^ound, when the air can have no access to them. Ira 
nther of the cases thus named there is no 

r the kind of decay resulting from the fermentalionr 
of the sap ; for this action appears to require th© 
presence of warm damp air, rather than the existence 
of constant moisture ; and it is for this reason that 
freshly cut timber may be used in pile foundatioDS 
winch are not exposed to changes in their conditions 
of humidity, whilst it is indispensable to employ in the 
L air, or in exposed positions, properly seasoned 
JDod, free from sap. When wood is only exposed to 
Lnary atmospheric changes, its preservation may, to 
,t extent, be secured by filling in the pores of the 
posed surface with paint, or any other material of a 
piture to prevent moisture from penetrating to the 
terior ; but it is essential, even in such cases, that the 
1 should be entirely removed before the external 
B closed, or the subsequent fermentation which 
will tate place in it, will produce a peculiar decom- 
position of the woody fibre known amongst practical 
builders by the term, " wet rot." The " dry rot " is a 
species of fungoid growth, considered to be extremely 
destructive to wood; but perhaps it would be more 
philosophical to say that the fungoid growth in question 
developea itself in the most distinct manner under the 
circumstances which are most injurious to wood, thai 
is to say, in confined, stagnant, warm, damp air. 

101. Metals when exposed to the atmosphere are 
liable to decay, not only on account of the new com- 
pounds they form with the gases therein present, but 
also on account of the electro-chemical changes they 
undergo. As the number of metals used in ordinary 
building operations is confined practically to a very 
Sbw, such as iron, lead, copper, tin, zinc, and the 



j| 



^" APPLISD CH&HISTItr. I^H 

KetsJs brass, or bronze, it may suffice to notice briefl|^| 
^b pbenomena to which their exposure gives risfH 
^Ber ordinary circumstances. H 

^H; Iron decayg, or rusts, by the formation of ^1 
^^bous oxide of that metal, -which is soluble in watovB 
^Hpently renewed, or which detaches itself in scaleflcl 
^Btie open air. When carbonic acid gas is present^ 
HR decay takes place with great rapidity, and it if ■ 
eren considered by some authorities that the presenoBtJ 
of that gas i^ absolutely necessaiy for its developments 
Seasoning upon this supposition, M. Vicat and thd:« 
French engineers adopted the system of surroundin^jB 
the iron work they were obliged to bed in masonryiB 
with a hydrate of rich lime, believing that the lattewj 
Would, on account of its great affinity for carbonic acid^'J 
prevent that gas from acting upon the iron. To aiM 
certain extent this reasoning is correct, but it ^^fl 
impracticable to keep the hydrate of lime in mrhJ 
immediate contact with the iron as to prevent thel 
passage of moisture between the two substances, and'l 
the sad failure of the Suspension Bridge at Angers, inM 
consequence of the rusting of the cables supposed to'9 
lave been protected by their immersion in the hydrate ■ 
of hme, may be referred to as an illustration of thsn 
danger of the system. It is usually considered thatS 
waters containing in solution small quantities of earthyn 
salts act less injuriously upon iron than purer watenftB 
would do ; and M. Payen ascertained, by direct experi-B 
ment, that the addition of very small quantities of the •■ 
sub-carbonate of potassa or of sodium to pure water, 
Tendered the latter innocuous to either cast or wrought 
iron, and that the same preservative effect was to be 
observed in all alkaline solutions. On the contrary* 
however, he found that the addition of a small quantifr 
,e chloride of sodium acceleralel Vke ox^ 
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rate of oxidation. It appears that grey cast iroiu 
more susceptible of rusting than either wrought irt 
or white cast iron; and that the wrought metal 
resists the action of sea water better than the cast. 
When iron is exposed to frequent sliocks, or vibrattttj 
movements, it is less affected by rust than when it 
remains constantly in one place without such dis- 
turbance ; but the positions in which iron decays tie 
most rapidly are those where it is fixed, and is alte^ 
□ately exposed to the air, or immersed in sea water. 
Ammoniacal and sulphuric acid gases exercise very 
serious effects upon the durability of iron. 

b. Zinc when exposed to the atmosphere in its 
ordinary state rapidly combines with the carbonic 
acid contained therein, and gives rise to a whitisli 
efflorescence adhering to the material and constituting, 
as it were, a protective varnish. TVTien, however, anj 
sulphuric or hydrochloric acid is present, as on the sea 
shore, or in towns like London, where much coalb 
burnt, various other compounds of a soluble nature 
are formed. In sea water naturally these compounds 
are formed more rapidly than in the air. 

c. Copper resists external destructive agencies in s 
very remarkable manner ; and many of the gases above 
enumerated, which are so injurious to other substances, 
are without effect upon it. Upon exposure to the BJc 
a film of either the oxide or the carbonate of copper it 
formed oyer the surface of the metal, and it effectually 
protects the latter against subsequent attack. Formerly 
copper was likewise considered to be able to resist the 
action of sea water better tlian any other metal couU 
do ; hut of late years it has been asserted that 
metal, or species of bronze made of copper a 
resisted both the atmosphere and sea water more 
cssBfuliy tban pure copper alone. 
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i. Lead undergoes little change upon exposure 
.tt to air or water, especially when the latter con' 
:i? any of the salts of lime. Brande, however, makeS' 
■. very important observation, that when lead is kept 
m distilled water to which air has access, small crystal- 
lioe scales of the oxide of lead are formed, a portion 
of which dissolves in the water and is again slowly 
precipitated in the form of a carbonate. As the very 
pure, soft waters are nearly analogous to distilled wat^, 
io their chemical composition, the same actions must 
t^ke place with them ; and it is notorious that they 
produce very distinct effects upon the lead to which;' 
tiiey have access. The use of lead for cisterns must, 
llierefore, be regulated by the nature of the water to. 
le preserved in them ; but there does 'not appear to be 
any reason why lead should not be apphed in every 
district for ordinary purposes of construction. 

103. A very curious, and a highly important, effect 
13 observed to take place when two metals are placed^ 
io contact with one another, and when moisture has 
access to them. A species of galvanic action takes 
place, which causes one, or sometimes both of the 
metals to decay with great rapidity; and this may be 
observed to be the case whether the moisture contain 
carbonic acid or not, although it is most perceptible 
when that gas is present. Thus the feet of iron railinga 
when run with lead into stone, or iron cramps, tie-rods, 
sockets, Si,c., run with lead into the masonry of lockft. 
or other hydraulic works, decay very rapidly, and thft 
more so, in proportion to the purity and the mallea- 
bility of the iron itself. A similar phenomenon may 
be observed to talse place when iron is in contact with 
bronze, or with copper, in sea water ; but, in this cassa 
ilthough the iron decays rapidly, it would appear to 
a preservative iufluenee upon the cq$^«s. 



mgctae 



The preservative electrical action thus developed: 
by any means confined to iron and copper, but iti 
appear generally to take plac? when two metals i 
contact, and are immersed in a solution of any all 
salts. Thus it is thatzinc, tin, andii-on, protecta 
in sea water ; that zinc protects iron and tin, ] 
itself rapidly corroded if used in sea water in ei 
with iron ; that tinned iron decays unequally in 
element, the ii^on oxidating rapidly, whilst th 
remains intact; and, indeed, the destruction cA 
seems to taie place more rapidly when that metal 
contact with tin than when it is in contact with ed 
When waters contain much of the bicarbonate of. 
that substance is often deposited upon the sol 
joints of the pipes through which it may pass, il 
sequence of a decomposition produced by the ga] 
action of the metal of the pipes, and of the joint) 
will be necessary to revert to this subject herea^ 
the portion of this work devoted to the considel 
of the distribution of water to towns. I 

103. Mr, Eobert MaUet has made many val 
experiments for the purpose of discovering , 
method for preserving iron firom rusting, which. 
been recorded in the " Transactions " of the B 
Association for the Advancement of Science, 
these experiments, it would appear that a coati 
gas tar, applied hot, is the most efficacious prot( 
to iron-work exposed to cold water, and that a oo 
of caoutchouc varnish is preferable when the Jx 
exposed to hot water; hut that neither of them e 
considered to be a durable defence. The proe4 
coating iron with zinc, or galvanising it, is consl 
by some persons to be the surest mode of protectii 
former metal; if, however, the protecting coat t 
ie chipped or scaled o£[, the decay of the portioq 
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^^■ed would take place with even greater rapidit] 
^Hit would have done if uo attempt liad been mad< 
^^■krd against the danger; because, really, a galranic 
^^■t then "seta up," and facilitates the oxidation oi 
^^EoQ. So long, in fact, as the iron is covered it ii 
^^■electro-negative state, and it ia known that during 
^^■dstence of this state there is little tendency og 
^^But of the iron to combine with oxygen ; but thii| 
^^B to be the case when the ii'on is uncovered) foE 
^^■len free to assume any electrical state which m&j 
^^■perinduced by the atmospheric or other conditions 
^^Kd it, and then to decay as usual. 
^^B, In the preceding remarks no particular atten^ 
^^■as been directed to the composition of sea water, 
^^ns chemical actions it produces are sufiiciently 
^^Ktant to justify a cursory allusion to the subject, 
^^Kt the same time to justlly the reference of tha 
^^■Dt to the authors who have treated the subject i 
^^Br detail than would be consistent with the limits 
^^n treatise. Sea water, then, has a specific gravity 
^^BS6 or of I'OSS ; and its freezing point is usually 
^^■28'5^ Formerly it was considered that its com- 
^^K>n did not vary much, &om whatever latitude or 
^^nide it was obtaiued, provided only that the 
^^ft from which the sample was taken was e 
^^^ great to ensure exemption from local disturb- 
^^Baases ; but the researches of Drs. Marcet, 
^^wny, of Lenz, and of the French engineers, 
^^K' appear to prove that notable differences may I 
^^B in sea water. Thus, Dauheny states, that the 
^^Bt^ of bromine present will vary at times from 
m* grain in 1 gallon to 17 grains ; Dr. Marcet saya 
Bft the Southern Ocean contains more saline matter 
ban the Northern, in the ratio of 1-03913 to 1'02757 ; 

KRubeny states, in conformity with Lenz, that the 
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Atlantic is Salter than the South Sea, and that the 
bdiau Ocean is Salter on the west than it is on the 

It would also appear that there exists a maxi- 

miim of saltness towards the north, and towards tW 

■■flouth, of the equator in all the oceans. Engmfi^' 

operatioDS are, however, seldom carried on in 

ocean, and it is to be observed, that the differenci 

,the composition of the waters near the shores d< 

more upon local or accidental circumstances than 

^o upon any general law. Thus, the intermixti 

'i and salt water produced by the discharge' 

r into a bay, the local rate of evaporation, 

[■even the character of the impurities the fresh 

fxe likely to bring down with them, will mal _ 

iffect the destructive action of the sea upon huil' 

laterials. , ■ 

105. It is usually considered that sea water '^^J^'Tl 

lie setting of hmes and cements, by reason of ^^^ 

Uoride of sodium and the other saline ™''*'^^'Vj^ 

Fcontains; and if this be correct, the ^°^°''"'^^(_a ii 

will be of interest; it contains the s»^^^ /f^cr^raW 

1000 parts of sea water (as given by 'Ntauet' 

actions " B. A., 1840, p. 223) : — 




rbaps the most destnctrre agirt 
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e in any ports tutKerto ofci erTO 
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y also are Terr powei^ ia tfccir iauat^m 
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[ to euunine carefoBj ifcc asm ia4 ca^ 
. of sea waters bdbre exposiitg aev aaii aalavii 
Btothem. 1 LI I at ill il id iinfal iiJwi^M 
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> pablicatioDs of tike Boval Seoftf a 
technical joamals a^ fikenae W eoMlllliL 
t important reeolta hithert o 
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■ works in sea water, there 
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technically known as the bad waters of mines. There 
is, unfortanatelj, still a great amount of uncertainty 
upon the whole of this branch of applied science, to 
some of whose details we shaU have to refer hereafter 
in the description of the accidents to which hydraulic 
works are exposed. 
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I The functions of vegetable life cannot be 
Bon without the presence of a certain quantity 
r, inasmuch as the fluids -which circulate in their 
\ are almost entirely composed of the water 
p by the roots from the ground. With the ex- 
j, however, of some aquatic plants, the majority 
^m an excess of humidity ; and when water is 
111 an agricultural district in large quantities, it 
rious as its absence is in other cases. Thence 
e necessity for draining lands surcharged with 
Bon the one hand; and for irrigation, on the 
I It is equally important that air should be 
i access to the roots of plants ; but the opera- 
T ploughing, harrowing, hoeing, &c., by which 
s effected, belong to the science of agricul* 
rather than to engineering. 

7. The causes of the excess of moisture in any 
cular district depend upon the raiii-fall, the natural 
juration of the land, and the nature of the surface 
the subsoils; and, conversely, the same causes 
mce the dryness of other districts. 
B. The distribution of rain is veiy unequal, not 
when large divisions of the globe ai^e considered, 
ilso over very confined areas. This is a natural 
iquence of the laws affecting the production of 
,, for it is caused, firstly, by the heat ^'toi^ ra-t Xjn 



Brraporation, and then by the winds carrying the Tai^| 
Plo a distance, until it is precipitated, either by C0D^| 
with the cold enrth, or by meeting with another s^| 
of air so much colder than itself as to absorb the ^M 
which holds the moisture in solution. In the tro^H 
regions, the rain-fall is greatly in excess of that of^H 
temperate zones ; but from the greater uniformit^H 
temperature,, it also happens that the fall is con^H 
within a much more limited space of time; the ^H 
quantity is greater, but the number of rainy daj^H 
less, and the law appears to prevail that the nninb|^| 
rainy days increases with the latitude, north and 9^H 
of the Equator. But local circumstances modify '^l 
general laws to a great extent ; so much bo indfll 
that in nearly the same parallels of latitude one distri™ 
may be subject to frequent floods, whilst another mf^ 
be constantly, or periodically, exposed to droughts. 

109. The quantity of rain, for instance, is always 
less on plains than it is on elevated table-lands, 
especially when the latter are connected with mountain 
chains. On the sea shore also, it is greater than in 
inland districts, because necessarily more vapour rises 
from the sea than from the land. The existence of 
particular currents in the ocean will at times give rise 
to an excess of rain on the shores round which it flows, 
an instance of which may be cited in the gulf stream, 
which causes the great rain-fall in the soiitltern and 
western counties of England and in Ireland. The 
prevalence of certain winds will also augment or 
diminish the quantity of rain, according to whether 
they blow over surfaces able to affect in any way th8 
amount of evaporation. Thus, in Europe, if the winil 
-lilew always from the north-east, it would never rain; 
■jrhilst if it always blew from the south-west, the ram 
pVDuld never cease on the sea coast. It is to theav 
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Tarioas causes that we must attribute tbe local differ*! 
ences between the number of rainy days, which, in tboM 
instance of Ireland, are about SOS out of the totati 
365; in that of the greater part of England, France^ 
and the north of Germany, they vary from about IfiSi 
to 155 rainy days in the year ; and in that of Siberia,.! 
it is stated that the number falls to 60. Nor are tlisl 
quantities falling less variable than is the number otM 
the days ; for we find that the total quantity registered'! 
near London is, on the average, about 24-75 inches per! 
annum; whilst near Plymouth it ia about S8 inches;! 
at Manchester, 37*5 inches; at Seathwaite, 140'6 inches;! 
at Glasgow, 33"5 inches ; and near Edinburgh, at Glen- 1 
corse, iu the Pentland Hills, 36'25 inches. I 

110, The natural configuration of the country afifectal 
the amount of moisture retained, by the greater or lesal 
facilities it may offer for its removal. Evidently, a! 
district presenting sharp declivities on every side, witlvl 
few depressions to hold water in pools, must not only! 
throw off the latter with great rapidity, but also furnish! 
few means of maintaining evaporation when the fall! 
of rain shall have ceased. The outline and direction J 
of the watercourses also materially influence the length! 
of time dm'ing which the water may be retained. And J 
mdeed, the majority of cases in which marshes occur! 
may be attributed to the physical causes connected! 
with the surface of the earth ; either, iu fact, to the! 
existence of a zone of surrounding country at a higher! 
level, or to the existence of a watercourse in a similoM 
relative position. I 

111. The natures of the surface and of the subaoiht! 
produce effects upon the humidity of a district which! 
tie more readily tmder control than the causes pre-! 
riously alluded to. They act either by retaining the! 
larface waters, or by giving passage to ^e ^'gymt^ i«» 



by lands at a greater distanue ; and it is of the atmoBi I 

importance to be able to distinguish between these two 
sources of humidity, as the surface di'ainage adapteil 
to the fii'st, under some circumstances is utterly inef- 
fectual to remedy the second. 

For drainage operations, the strictly correct geo- 
■Jegical descriptions of the various strata may be 
i£glected, and they may he divided simply into twu 
, the porous and the impervious. The formei' 
lomprises all those consisting of loose materials whicli 
^Borb water easily and allow of its passing freelj, 
1 as gravel, sand, loamy clays, and the comminuteii 
lapper strata of most of the limestone formations. The 
letter consists of stiff blue clays, or of the plastic clays 
found in such abundance in some districts ; of some 
inds of gravel cemented by argillaceous, calcareous, 
r ferruginous materials ; and of such limestone, sand- 
tone, or granitic rocks as present a close grain without 
my fissures. No regular order of superposition of 
leae descriptions of strata exists in nature, and from 
■ complication arise the greatest difficulties in 
lage. 

112. In such cases as those in which a pervious 
ratum lies upon an impervious one, the water falling 
!om the clouds permeates the former until it meets the 
ter. If, then, no escape be furnished by some naturil 
fferflow, the water must accumulate in the lowest de- 
Jressions, until the hydi-ostatic pressure of that in ths ] 
^her portions forces it to the surface in any lowef 
s whose conditions of level may be such as to allow 
its rising oyer the surface. It may frequently 
mppen, that a natural overflow exists at a small 
Utance &om the surface, hut not at such a depth as 
9 prevent the existence of great moisture in the main 
r o£ the stratum, although no external indication 
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i the character of the herbage may indicate tha 
^ure. The great objects, therefore, in all drainage 
are, not only to remove the surface waters, but more 
particularly to cut off the subterraneous waters, which 
dther rise to the surface, or are confined beneath it. 

113. The removal of surface waters ia a compara-- 
tively simple operation ; for it may be effected by simply. 
dressing the land into ridges, and giving these ridgea 
an outfall into a drain or ditch all round the field.- 
The ditch itself would poui' its waters into any natural 
course, and the latter may at any time be enlarged or' 
improved, by observing the principles regulating the' 
flow of water in open channels, laid down in page 26,, 
and subsequently, of this Treatise. The conditions 
lo be observed being that the channel should be able 
to carry off, at a suitable velocity, the maximum quan- 
tity of water likely to be thrown into it within a 
definite period ; and that the velocity should not be' 
such as to endanger the bottom or the sides. If the- 
outfall drain be artificially made, it is, generally speak- 
ing, desirable that it should be impermeable. 

Hi. Operations connected with the improvement of 
an outfall affect very lai'ge areas, and would seem 
almost to call for some action of the Legislature. In 
many individual cases, so to speak, it is beyond the 
power of one proprietor to undertake them ; and the 
only course left open to him is, to isolate his own land 
by diverting any water flowing from other districts, 
and to remove that which falls upon his own, by meana 
the best adapted to effect that object economically. 
The execution of an intercepting drain will very fre- 
quently suffice to remove all the subterranean waters, 
Bbould such be found, by stopping the flow of tha 
latter in what would otherwise he their natural direction, 
1^ thus leave merely the rain-water faUin^ c>s«t ^iia 
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I particular district to be dealt with. In sacli couni 
) Holland, and the fens of Lincolnshire, Bedfbi 

I fihire, &c., the intercepting drain itself becomcH the 

* tiutfall, and a means of comimiuication ; for the main 
drains are used as canals, and the waters from the low 
lands are pamped Into them either by windmills or by 
steam power, as may be most expedient. 

115. In hilly countries it rarely happens that any 
difficulty occurs from the direction or inclination of the 
watercourses, and in them the question of outfall ia 
not so complicated as in the lower and more level 
districts near the embouchures of rivers. The longi- 
tudinal section of the centre line of nearly all the 
rivers is, in fact, a concave parabolic curve, the apex 
of which is in the elevated grounds near its source. 
The velocity, under such circumstances, is very great 
in billy countries, and the streams are able to keep 
their course in a tolerably straight line, if even they 
do not continually tend to rectify any bends which 
may naturally exist. But in proportion as the rivers 
approach the sea, or other large rivers, they usually 
flow through flat alluvial deposits, or through level 
plains of eariier formations. The velocity of the 
water diminishes, and the gradual deposition of matlers 
brought down from the hills raises the bed of the river, 
whilst the direction becomes tortuous from the inca- 
pacity of the stream to overcome the obstacles to its 
progress. In no country in the world can more strik- 
ing illustrations of these laws be found than In Eng- 
land ; nor, perhaps, is there auy country where 
directed works for the purpose of obviating their 
conveniences would be attended with more 
resnlts. 

116, Before, however, commencing any reatifi( 

^fif the bed oi a tivet or stream, it is neceseaiy 
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efiilly into all the numerous commercial 

.ch are likelj to be affected by the alteration. 
I[)f tliQ existing watercourse and its various 
■with longitudinal and transverse sectiona of 
□d banks to a considerable distance on 
is required ; observations upon the flood 
iner levels, and upon the seasons and dura- 
le changes in the volume of the stream, must 
; and, lastly, a careful notice must be taJcen 
ture of the materials carried down, the mode 

sboals are formed or the banks destroyed, 
lature of the river-bed in its normal state, 
r the stream follow a very tortuous course, a 
Bel in a direct line evidently would shorten 
Bce between its estreme points, and increase 

tion of the water line. The velocity of the 
■ould be proportionally augmented, and if the 
tity to be discharged flow before and after 
Htion of the new channel, its sectional area 
made smaller; or if, on the contrary, it be 
the same area as the original channel, it would 
discharge a greater volume. Any sudden 
ly thus be avoided ; but it is to be observed, 
a seems to exist some law, the cause of which 
erto escaped our analysis, owing to which 
e not able to flow in straight lines for any 
lance, in other than beds of masonry, without 
; great and frequent repairs. At any rate, 
earn when left to itself, so to speak, assumes 
IB outhne ; and, from the experience obtained 
B and Italy, it appears, that after a deviation 

always a tendency to resume the original 
B, especially during the seasons of floods, it 
lefore, be preferable tliat the centre line of a 
,el be formed with a series o£ curv«.\,\as 




"fery Iwge radius, rather than in a perfect stri 
line, UpoD the Rhine it was found that the 1 

3ed no corrosive action upon its t 
tiie radius of cui'vature was about 3750 yards j 
the bed of the river consisting of sand and g 
and being frequently exposed to sudden and 1 
floods. 

118. The efficient action of new channels eai 
■1)6 attained by observing these conditions : — Firsfl 
iThey must be deepened as much as possiblea 
Ksectional area to he given will of course be regi 
Iby the volume to be discharged under all the i 
loouditions of the rain-fall. . Secondly. — They i 
Knot present any sudden projections, or form any i 
[eurves with the main stream. Thirdly. — If tbq 

ihannel cannot be dug out at once to the Teta 
lidepth, it must not he opened to receive the ' 
■until the down stream end of the old channel be cQ 
ft«o as effectually to force all the running water inti 
V-new channel. Fourthly.— All obstacles, such as t 
wo{ trees, large blocks of stone, &;c., must he rem 
3 to leave the watercourse perfectly clear, 

119. When an entirely new outfall is to be fo* 
i'the dimensions to be given to it must depend upoT 
■proportion of the rain-fall it may be required to | 
■off. This will vary, not only according to the con 
■zation of the country, but also according to the g 

iree of permeability of the materials u 
Wits construction, and of the surface of the coi 
I itself. In precipitous mountain districts the runJ 
I off with comparative rapidity, merely from the ina 
I tion of the ground. Should, however, our obset 
i tie directed to particular mountain districts, it i 
1. found that tlie discharge from granitic rocks i 
%'er^ materiaUj from that from the lias, the oolitd 



^^^pjr formations. From the granites, the rain nins I 
^^^■rtf as fast as it &lls, for the materials are non- I 
^^^■tant, and the subordinate outlines do not present I 
^^^kiressioas likely to retain the water. The lias is I 
^^^pjmparatively speaking, impermeable, as are also J 
^^^Bjs ; whilst the oohtes, limestones, and gravels I 
^^B water during the period of its falling, to give it I 
^^^■ain when perhaps the supply may have ceased. 1 
^^^K the character of the discharge from the granites, I 
^^^B, and Uie clays, may be regarded as being of a I 
^^^Kal description, whilst thnt from the limestones I 
^^^kore equable. In the former districts, it appears I 
^^^■ont two-thirds of the rain flows off almost imme- I 
^^^V in the nntural watercourses, whilst in the latter, I 
^^^H the gravel, the maximum quantity so flowing I 
^^^Bonly be one-third. Again, the proportion of the 1 
^^^bl which may require to be carried off will differ, I 
^^^Eng to the greater or less continuance of the rainy I 
^^^P, Thus, in winter it happens that the ground 1 
HPRtatly becomes saturated with water at au early I 
l^eriod, and it is advisable in such a case that any flood I 
^onld be carried off as rapidly as it rises. The maxi- I 
film quantity of rain which may fall within a given 1 
■ becomes then a condition regulating the dimen- j 
■: iif the outfall, of nearly as much importance as ] 
itverage fall of the whole year. I 

-0. An outfall having been secured, either by I 
;iting or improving the natural facilities of the J 
i-otiiitry, or by forming a new watercourse, if the source I 
d the water deteriorating the quality of any land be I 
bot such as to be removed by surface drainage, an I 
hivestigation of the surrounding district must be 1 
liude, to ascertain the superposition of the strata, j 
J&tea nature, thickness, and respective inclinations ; I 
Or, should any local circumstances ^^wftiiS. "Cciv^ l 
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Gxainination from being carried ont on a stiffia 
extended scale, small ditches or trial shafts shai 
Bunk at the upper and lower sides of the d^tq 
be drained. The points of outburst of any t 
must be noticed, and, if possible, their aoui 
Biipply be discovered. \Vhen tliese points are fli 
the direction to be given to the drains must H 
sidered ; and, if possible, it would be advisa 
make them follow the line of the longest fallfl 
ground. The depth, and the distance apart il 
drains, must depend to a certain extent upd^ 
description of crops to be raised, but more partin 
upon the nature of the subsoil. For, in 
place, it ia necessary to place the drains at ^ 
depth as to obviate any danger of their ] 
being deranged by agricultural operations. Ii]| 
nary modes of cultivation, the minimum de| 
■which the ground ia worked may be taken at 8 
in many others, the ground is moved to a i 
18 inches; and for these reasons it is usual ( 
the drains, even in what is called shallow drs 
such a depth that there shall be a distance ofl 
20 inches between their highest points and the g 
of the ground. In the second place, if an impel 
subsoil be met with within a distance of 5 < 
from the surface, such as to intercept the pasBagol 
water in either direction, the drains ought, gel 
speaking, to be carried down to it ; or othen 
portions between each of them would only be i 
fectly dried. The nature of the materials emg 
will also modify the depth of the drains; for i 
bulky, as in the case of broken stone, the] 
require a greater width than when tiles op tnfai 
used. 
131. The width of the trenches will be regi 



tepth of the drains, because the workmen require 1 
later space to work the deep than they do the 
V ones. At the surface the width is required to 
reater than at the bottom ; and in practice it is 
I that, for a depth of about 3 feet, it is sufficient J 
e a. width of about 1 foot at the surface and < 
pes at the bottom; for a depth of about 4 feet. I 
\ dimensions become respectively 1 foot 4 incheS'l 
I'incbes ; whilst, for a depth of 8 feet, they become'j 
ktively 3 feet 6 inches and 1 foot 2 inches. The^l 
a of the drains should be made as straight asa 
, in order to avoid any interference with tbffi 
irge of the water ; and they must be commeucedT 
g the lower portions of the district first, ItM 
ispensable that a regular inclination be giyen,] 
9iat it should be sufSuient to insure the flow of J 
A fall of about 1 in £00 will be fonmfj 
Lent for ordinary cases, especially if the drai^ 
e well laid. 

. There are several modes of filling in drains, 
^ed by agricultural engineers, the principal of 
. are represented in the subjoined sketches. 
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fel represents a simple and economical system 
fed in countries where tubes or stones are ex-j 
. It consists in forming shoulders upon thai 
f the trenches, and laying upon tbein a thicilG 
3 grass downwards, tlie remamiet cA \' 
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trench being filled in with the materials throW 
from it, taking care to reject the denser and J 
impermeable earths. This description of dra 
economically formed, but it does not last foe 
length of time, at least with sufBcient efBcacy. 'F^% 
represents an economical form of drain for countries 

I in which large quantities of water are to be remorada 
■and where stone is cheap. The channel is formed ty 
placing thin slabs leaning against one another on 
iedge, and covering them with broken stones or griiTe! ; 
itiie whole is then covered by sods and the Hglil' i 
teartliB of the excavations, as before. If the wnic 
draining through such channels do not contain i^ii. 
notable proportion of soluble salts, wliich they migbt 
gradually deposit around the broken stones, they will 
continue to flow for an indefinite period. Fig, 13 
\ represents the tile-and-shoe drains, which were much 
employed in England formerly, each tile being atout 
14 inches long by 3 or 4 inches wide, and 4 or 5 inches 
high, and the shoes being of the same length, but » 
little wider than the tiles. Of late years, however, it 
has been the opinion of agriculturists, that perfectly 

» cylindrical tubes are the most advantageous, not onlr 
on account of the greater facihty of their manufactnif. 
lut also of the greater economy in their fixing. These 
cylindrical tubes are made of the same length as the 
earlier descriptions of tiles, and of diameters varying 
trom 1 to 3 or 4 inches. 

»133. "When the soil is peaty, or of a running sanJ, 
or when the nature of the materials through which the 
-excavation is cai-ried is such as to render it difficult to 
form and maintain the bottom of the trench in " 
perfectly straight line, the abutting joints of the tul 
will require to be protected by collars, which may '. 
^gperforated with numerous small holes. Und^ *9iM 



^^■circumstances, it will snffice eitlier to use pipes witl 

^^^nd terminating tLus *— -,t ~ , or those havinj 

^^Hly a straight end. In the last two cases, the trenol: 
^^Hd only he thrown out to the precise width n 
^^Hto receive the pipes ; and in both it is absolutely 
^^Ksary that the straightness and the tmiformity o 
^^^Bation of the bottom of the trench he rigorouslji 
^■ked, 

^^B> Drains should not be made too long, because 
^^H fall be great there would be danger from thai 
^^^Eng of tlie pipes by the head of water; and the 
^^^Bes of choking are considerahly increased, 
^^Hss the difficulty and expense of repairs. It ie 
^^Hable to make the subdrains pour their water iutoi 
^^^ncies of main drain of larger diameter, which' 
^^Hqnently should pour the collected stream into the 
^^H&I outfall. Mr. Parkes recommends tliat the 
^^^pins should never much exceed 300 yards im 
^^Hb, and he usually makes the lUameter of the 
^^Hhalf about ^ greater than that of the upper, Id' 
^^^E to insure the perfect discharge of the water. 
^^Hjt ordinary cu'cumstances, however, it is prefei 
^^^Rhat the smaller drains should discharge into a 
^^Bditch, because the water would tlience flow away 
^^H easily, and at the same time the repairs are 
^^^■med with greater facility. 

^^B. The length of the maiu drains may be greater^ 
^^Hcount of their greater dimensions, hut the con- 
^^H above stated, of giviug them an enlarged 
^^^Bter at their lower extremity, must be obsei 
^H^ are formed in the same manner as the sub- 
Vmns, but, of course, in the lowest parts of the land j 
and it is advisable to place them at a slight distance 
tow the subdrains, in order that tkese mtoj ^a*J0K«J 
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^ore freely. Tlieir inclination must be greater, beai 

e voluiue of water they have to transmit is also g 

than that of the subdrains; and it is important to 

carry them at some distance from the hedges, or large 

jjees, lest the roots of tlie latter should force their 

iay into the pipes and clioke them ; because roots are 

a to have a remarkable avidity for water, and tie 

lely to force their way into the joints of the pijies. 

fastly, it is unportaut that the junction of the snb- 

ins with the mains should not take place at right 

1, but in an oblique direction, so as to avoid nay 

fiiterferenoe with the velocities of the respective cw- 

nts which might be likely to cause the deposition rf 

piy sand or mud in suspension in either of 1 

E'er the same reason, it is advisable, that two i 

(oming feom different parts of the land should i 

" a to converge at the same point. 

126. The distance apart of the drains will depenil, 

1 fact, upon their depth, and the degree of pennea- 

iHity of the soil ; and this becomes one of the most 

iaportant questions to be decided before commenciug 

hich works, for the greater the distance, evidently, the 

less will be the number, and the cost of the operation* 

Smith, of Deanstone, advocated the system of 

bomerous drains at comparatively shallow depths: 

lilst ilr. Parkes and the majority of agriculturil 

low recommend that they be made deeper 

i at greater distances. The former made his drains 

3 to 8 yards apart, and about 3 feet deep ; whilst 

i latter make the distance from 13 to 90 yai'ds, and 

e depth from 1 feet 6 inches to 8 feet. In fact, both 

ties may be in error in striving to enforce their 

fespective systems too rigorously, and a coui-st ' 

iding which may be eminently sucLessful in on 

tee may be very iuadvisable in another. Thus, if ^ 
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of permeable materials exist, whose depth 
6 feet, it is possible tbat a drain placed 5 feet 
he surfaee may withdi'aw the waters from a 
i of abont 10 or 15 yards ou either side. In 
case, there would be a decided advantage in 
the drains at the greatest depths and distances, 
ig to Mr. Parke's plan. But if the soil itself 
, and at a depth of from 2 to 3 feet from the 
an impervious subsoil be found, it would be 
y absurd to carry the drains below the subsoil, 
this would entirely destroy any lateral action 
[rains beyond a distance of about 6 or 8 yards. 
cases, the system recommended by Mr, Smith 
ore advisable ; and, indeed, it happens in this 
ar branch of engineering, as iu all others, that 
dividual case requires to be judged of by, and 
upon, its own merits, 

[n Ireland the usual S3'stem latterly adopted 
to be so admirably suited to the class of mate- 
; commonly met with, that an account of it is 
D. Minor drains are formed at distances 
'ing from 21 to 40 feet ; the depth is made 3 
the lowest point of the surface ; the width, 
'to 18 inches at the top, and 4 inches at the 
These minor drains are parallel to one 
and oidy mn from 150 to 200 yai'ds without 
Dto either a ditch or a submain. Iu these 
dfipih of 12 inches of broken stones, 2^ inches 
Iter, is placed, care being tivkeu that they be 
an ; a sod 3 inches thick is placed over them, 
earth is filled in. Sometimes pipes 2j inches 
are inserted. The submains are cut 42 
Sep, by 20 inches wide at the top and 12 inches 
the bottom ; they ai'e carried along the lav 
Qie lieJd, about 10 feet from ib.e ienoe^, wft^ 
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t allowed to mn more than 30 
iharging into a covered or main draiu. An opiB 
^aimel, G inches square, is formed, and above this flie 
Irencb is covered and filled m, as before, with a thick- 
1 of about 8 inches of broken stones, carefully 
ned. The open main di'ains ai-e sunk to a depth 
F at least 5 feet; they are made 3 feet wide at tlie 
Bottom, and the sides ai'e thrown out to an inchnatloa 
of 1 to 1, if the materials be such as to stand at tlist 
inclination, excepting in rocty countiies, where llie 
uides may be left at about ^ to 1. A minimum inclinn- 
^on of at least 4 feet per mile is requu'ed for these maiti 
The dimensions of the covered main drains 
llmst necessarily depend upon the quantity of water 
Biey are intended to carry off; but, generally speaking. 
t is found to be sufficient to make them 1 foot square 
i the cleai", with walls 6 inches thick, covered by fla^' 
s 3 inches thick, and filled in as before, 

128. It appears that there is an advantage in exefu- 
ng the drainage of an agricultural district in Jr>' 

[ weather, and in leaving the trenches open for a short 
ktinie, in order that the ground may become warmer) 
Ktmd to a certain extent aorated, by being exposed ^ 
Bibe atmosphere. 

129. The measures to be adopted for the drainnge 
iof marsh lands must necessarily depend upon tbB 
iicauses which have superinduced this state. TIig'^c 

are the following, at least in the majority "1 
— Istly, the superabundant humidity of the luuil 
taay be owing to the fact that the subterranean water? 
Ute retained by beds of impermeable materials, anil. 
fter saturating the lower strata, they are forced '■' 
' 3 to themselves a vent upon the surface ; Sndly, ! 
lay be owing to the fact that the land is situated bel. > 
i level of the surrounding cuwatrY, and therefo 
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Kves the dramage from it ; 3rdly, it may be owinj 

6 existence of a river occupying a higher ieve 

f that of the marsh land itself. 

. The operatiouR connected with drainage 

wshes, fens, or bo^, require so serious ap out 

lat they can only be undertaken by large 

!, or by the State ; but it frequently happens tha 

I districts may be found in which a bed of cl^ 

plies a position similar to that represented in thi 

mpanying sketch, filling a depression upon the tcq 

le permeable material, which last, in its turn 

:3 upoa a lower stratum of impermeable material? 

boh cases the clay will prevent the water whicj 




Ethrough the upper and exposed portions of thi 

«bl8 stratum from flowmg away at the lowe: 
^oint The water will then accumiilite until it risi 
to the level of the surfaLO of the clay, represented bj 
tlie line i b wheie it will overflow and form what a: 
lamonlj called spiinga, which, unless piovided wil 
1 1 tutiall, will maintain the suiface in a state of ex 
Labive humidity 
lU If, again, m the abo\e sketch we suppose thi 
hasm shaped depiession shaded with mtenupted line) 
ipresent a bed of clw, it.atmg upon giavel, aiidti 



IL 



,be filled ill with ordinaiy soil, from the known i 
meability of the clay it will retain all the water bq 
■through the soil to it, and in fact render the i 
complete morass, especially if the soil in queati* 
surrounded by any eminences shedding their » 
upon it. 

183. In tlie illustration first supposed, the n 
may be removed, either by bringing them to thi 
face at a point where a new and more effective a 
can bfi found, or by letting thorn escape to a 
level. In the first case, sui-face drains are to be - 
a. sufficient capacity to hold the waters likely to 
and transverse outfall drains made to receive 
Borings should then be made in the surfai 
descending to the top of the upholding stratani 
■the hydrostatic pressure of the supply, in such p« 
ts are placed at a higher level, mil cause the w* 
flow into the surface di'ains uctil its level thronj 
the whole distiict will be found to be that of the ih 
Tlie outfall must be made as nsual. 

133, In the second illustration a boring, or ba 
3 may be required, are to be made through the ii 

meable stratum to the pei'vious one upon whi 
reposes ; or, in fact, a series of absorbing wella i 
be formed, and the various surface drains made i< 
'verge to it. In the Treatise upon We]l-horjn( 
.'Sinking much information wiJl be found conB 
■with the principles of the action of Buch wells and 
mode of construction. In these instances thej 
serve to carry the waters from the various i 
drains into the lower strata, which almost inval 
will be found to possess some natural outlet 
greater or less distance, in the shape of a spring. 

134. When the succession of strata outcroi 
, upon a hill side is mote com^Ecated than in the 
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^Hnve BnpposeJ, and is such as to produce an alten^^ 
^Ha of dry ground and mai'sb, the clnss of works ta he 
^Hecuted may require to be somewhat different in 
^0[ail, but in principle they will be found to be similar 
I io those described. The object to be effected is, in all 
enses, to form a new outlet for the water ; and what- 
eTer coiii-se be adopted, it must be based upon Uie 
ordinary principles of hydrodynamics applied to the 
particular configuration of the locality, which, again. 
I'lU only be ascertained by a careful examiiiation of 
tlip geology of the district. This examination m 
vciy frequently require to be extended over a co 
■iilerable area, because the sources of supply of «1 
sjirings may be found to exist at gi'eat distancee, ta 
imtil all the conditions affecting them are ascertaioi 
it is impossible to adopt any other than empiric 
mt-thods of obviating theii" effects. Notwithstandin 
then, the progress of science in our times, Mr. ElHoi 
Wb rules may stiB be quoted as being the simple 
inii most effective for the execution of the drainage 
'mirsh lands formed by the outbra-st of land spring 
'iiey are as follows : — 

1st. To find out the main spring or cause of t 
!iiischief, 

3nd. To take the level of the spring, and ascertai 
"^ subterraneous bearings. 

'^rd. To use the auger to tap the spring, when d 
'!' pth of the drain is not suflicient for that purpose. 

1;15. It must be evident, that if any district I 
ituated so as to receive the waters flowing off froi 
'■■ui'onnding eminences, it will eventually be converte 
"'to a morass unless an outlet be provided. Shoul 
tfie district be small, this object may be effected, t 
'Move, by the formation of absorbing wells placed i 
^jm lowest points ; but when its Aimeiiawn?, m:^ ca 



aderable, the first operation to be performed wi 
gist in forming a ditch all round the marsh, 
intercept the waters iiowing from the upper land 
at Buch an elevation, and with such a fall, as 
the discharge of any waters which may be pouH 
it either from above, or from below. The banks, 
and bottom of this ditch nmat he formed of 
meable materials. The ground contained within 
banks must then he drained in the ordinary 
and the drains made to converge to a point from 
their waters may be withdrawn, either by meana 
absorbing well, or by some mechanical contri 
such as water-wheels, steam-engines, or win* 
setting in motion pumps, norias, or Archin 
'aorewH. 

136. If the marsh be owing to the exiateno 
river at a higher level, it must be treated in a i 
manner to that just described, if the river itself 
be diverted ; ov the liver must be confined 
impermeable banks, and the waters draining in 
low lands pom'ed into it by some of the abovi 
tioned engines. It may, however, happen thi 
stream traversing the marsh may be subject to 
and sudden floods ; and in such cases it is net 
to form a double row of banks, of which the 
ones mnst be placed at a distance, and superior' 
tion, sufficient to carry off the increased voli] 
water flowing through tliem at such periods. TI 
banks then serve to contain the river in its 
state, the second will serve to contain it during 
the intermediate bank, or zone, may be devoted 
cultivation of aquatic plants, such as osiers, 
&c. ; or it may be drained by a separate syster 
that of the marsh entirely protected. 

757. Of the machines used to raise water 



of the supposed cases there are ]iiany vaiieties. ThoM 
hitherto applied may be stRtcd to be — 1, pumps; i 
ArchunedeaQ screws ; 3, machines with buckets ; 
water-wheels with buckets, or what are called flash 
wheels ; 5, the water -pressure engines, hydraulic ram 
rope pumps, &.c. 

138. Of these, the pump is the most effective wheiv 
large bodies of water are to be raised from great 
depths, but it is exposed to the objection that thi 
maintenance of the packing of the piston and of thS 
pump-baiTel must be very expensive when the wate 
to be raised is so ranch charged with earthy matter a 
must always be the case with that flowing from drains 
If, therefore, the height to be overcome do not exceee 
15 feet, it is usual to adopt other machines. ThuSj 
in Holland the Archimedean screw is mostly lAed, 
when the height varies from 7 to 12 feet, and iu tha 
majority of cases motion is communicated by ■wind- 
mills ; when the height varies from 3 feet 6 inches to 7 
I'eet, however, flash-wheels are employed. In our own 
fen districts the scoop has been apphed by Mr. Wi 
fairbaim.with remarkable talent and success, in cases 
wHere the height to which the water had to be raisectl 
varied from 13 to 15 feet. In the East the noria (»; 
Wachine consisting of an endless chain bearing a series 
"f buckets, dipping into the water at the lowest point 
of its course, and pouring it out as it passes the uppei 
point) has been used from time immemorial. Tha 
fifth class of machines enumerated above ai-e so seldom 
ased for drainage puriioses that it is not worth while 
to dwell upon them at present. Indeed, local circum- 
stances must modify so considerably the reasons for 
ite choice of any one or other of these mechanical 
raeaus of removing water, that it is dangerous to 
•ttempt to laj down any general lo.^ u'gQTiMift siiJiJiwA 
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The price of coals, the motive power of a neighboi 
stream, the more or less favourable position of 
locality bo far as the action of the wind is concerned, 
the price of labour, and an infinite number of other 
details, may differ so greatly in any two given cases »a 
to render very different modes of action necessary, or 
at least advisable, in the one, from the modes whioh 
,ld be advisable in the other. 

139. Perhaps the most gigantic operation under- 
:en for tlie pui-pose of draining lands receiving the 

waters from other districts is the one lately esecutad 
for the drainage of the Harlaem Meer ; and althougii 
it ia rarely tliat engineers are required to operate npon 
BO large a scale, a description of the metliod adopted 
is subjoined, because in principle it is identical wiLli 
thaf which would be required even in smaller operatiou^ 
of the same description. 

140. The Harlaem Meer, or lake, owed its origin tn 
the excess of the raiu-fall over the evaporation from 
the district aroimd it, so that the waters, accumulating 
in the depression forming the lake, spread annually W 
such an extent as to absorb of late years about 
150 acres per annum of its former banks. In the 
beginning of the sixtecntli centurj' the area was con- 
sidered to have been about 91iO acres ; in 1839, when 
it was decided to attempt the drainage of the lake, i' 
had increased to ueaily 15,000 acres, with a mean 
estimated depth of about 13 feet. The works hni" 
been executed by the Dutch government, who 
been partially repaid by the proceeds of the 
the land. 

141. The first operation consisted in the foi 
of a channel for the pui'pose of isolating the watei 
the lake from those of the surrounding country, 

time of serving as an outfall for the 



3 raised. Tliis channel is about 19 miles long 
a width varying between 125 and 138 feet, 
a depth of 10 feet, and gave rise to great diffi 
i owing to the want of materinls fitted for iH 
istruction. Even now it cannot be eaid to b( 
iffipcrmeabiej and the filtrations through it must ( 
remain a cause of expense and probable danger 
Tljree large steam-engines, of about 400-horse powei 
each (nominal), rtuae the waters from the lake into tlu 
csnal, and are stated to he able to discharge abooi 
338| cubic feet per secontl. They are single-actioned 
engines, working expansively, upon the Cornish prin' 
ciple, and give motion to a series of pumps working 
at a single lift. Two smaller macliines, of aboui 
200-horse power each, are used occasionally to dis- 
cliftrge the water from the intercepting channel, when^ 
owing to any extraordinary tides or high winds, th* 
iiatnriil flow from the latter is intermpted. These; 
machines ^ve motion to a series of flasli-wheelsi. 
wliioh raise the water about 3 feet 7 inches. The 
pumping was commenced, upon a large scale, in 
the month of March, lf*49, and at tlie present day 
tile whole of the surface of the lake has been 
iirought into cultivation. The cost of these works 
'"US estimated to be, when complete, between G00,000i. 
Sad 080,000i., or, at the higher estimate, about 152. 5g. 
p^r aei-e, 

142. In Ireland, some lai-ge bogs have been drained' 
Upon the system adopted in reclaiming the bof 
Allen, by withdi-awing the water from below, and in. 
this case it was attended with considerable success. 
The surface was firstly divided into fields of an oblong. 
%ire, and of about or 6 acres area, by open drains. 
Aiiger holes were driven at distances of about .fS feet 
|bb to the rock, and at a level of at lea&l 1 iooV eiiw* 
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H^ surface of the water in tlie di'ain. Curved n 
tiles, 1^ ineh diameter, were inserted into tlie hoi 
so as to throw tlie water into the centre of the drn 
These drains were made about C feet deep. On ■ 
Chat Moss ihainage, no efl'ort was made to withds 
the deeper-seated waters, but all the measures adon 
were designed merely with reference to those flow! 
upon the surface. Square inclosures were fornM 
100 yards long by fiO wide, by means of large oM 
di'ftins, 3 feet 9 inches deep at tlie minimum, 3 M 
wide at the top, and 1 foot 8 inches at the botta 
Covered cross drains were formed, communicaW 
with the open ones, and with a width of betwJ 
la and 14 inches as far as the shoulder, placed aha 
2 feet 2 inches from the surface; below which pH 
they were carried to a further depth of about 1 6 incfl 
with a width of 8 inches; these cross drains ym 
placed at distances of about 6 yards from centeJ 
center. No tiles or pipes were used, the bottom of ■ 
drain lilling being formed by the surface spit rsifl 
from the moss. I 

143. It frequently happens that large tracts of tm 
vial deposits are found at the mouths of rivers, wlfl 
are alternately covered or left bai-e by the tides, a 
which, generally speaking, continue to increase ofl 
they attain such a height as only to be affected byB 
spring tides. These banks then become covered "M 
a species of marine vegetation, and are cut up m 
innumerable small creeks, which, at the low-wflB 
serve as channels for the inshore streams. "iSM 
banks of this description have been reclaimed hm 
the tidal action, both in our own country and J 
Belgium and Holland, with such signal advantage,! 
many cases, as to cause regret that others should si 
remain unproductive. 1 
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U. The works usually requii'ed to reclaim these- 

fitieghores consist, firstly, of an embankment forming 
m incloaure to protect them from the sea, which must 
W able not only to resist the hydrostatic efforts of the 
estemal waters, but also the more destructive action. 
o( the waves and the currents ; secondly, of the sys- 
tem of drainage of the inclosed lands, including under 
this head occasionally the arrangements for introducing' 
Waters charged with fertilising matters, an operation 
performed in some districts, and known locally by tha 
imrae of " warping," to be noticed hereafter (§ 181). 

145. The inclosure banks are made, generally speak- 
ing, from 3 to 4 feet above the high-water line of the 
equinoctial spring tides, with a minimuni width 
from 3 feet d in 1 t f t at the crown. The out*- 
Hue of the bank in plan mu t depend upon many local 
■■^ic urn stances ; b t th t ally, it will be found t* 
''Her the great t t n to the normal action of 

•lie waves if it b n awards, whilst the stability 

"t the materials, if it be executed in stone rubble, will 
Ite the greatest if the outline be concave. Whatever 
be the form given in plan, it must always be borne in 
mind that no sharp internal angles should he allowed, 
Slid that every projection must be joined into the body, 
of the work by gentle curves of the largest possible 
radius. 

U6, The best form of the sea slope is a sul 
still much in discussion amongst engineers. On the 
^ores of Ilotland and Belgium the practice has been 
for many years to make it rectihnear, and inclined at a 
small angle to the horizon. Altliough these slopea 
liave succeeded in some positions, there are others in 
'vliich the results obtained have been precisely of an 
"Ppoaite character, and in which it would appear tha4H 
Agwtical wall wouM have been i^reieit^iVe. K.^,^ 



my distinguished engineers are of opinion tliatl 
Jet form to be given is one similar to the ouf 
materiaU themseivta would assiimo if i 
inge themselves hy uatvu'al causes ; whilst Ian 
Colonel Emy lias advocated, with conaidffl 
ibility, the theorj- that a. concave ti'ansverse i 
I the most fitted to resist the action of the { 



- 147. Long foreslopes possess the advantage of al 
hg the employment of any desctiption of sand, or d 
~ simihir materials ; they offer the least resistance t 
action of the sea, and are precisely the less expoed 
injury in proportion as their inclination is greatcT.I 
has been observed that the destructive action off 
sea exercises its greatest effect about the level oq 
lowest high tides of the neaps. But if these 3 
slopes possess some advantages, tliey are accompi 
by corresponding disadvantages ; for they condacti 
waves to much higher points than they would o 
wise reacli, and it is not alisays that either the i 
rials at hand or the space disposable are sach 1 
allow of their economical execution, to which \ 
sideration, after all, the decision as to works of J 
description must be refen-ed. 

148. Vertical inclosure walls occupy the least s] 
and expose the smallest surface to the action a 
waves ; and these again, instead of breaking apoi: 
shore, are reflected towards the open sea. But n 
of this -description must encounter the : 
effort of the waves, wherever these do strike, and ^ 
recoil must act very injuriously upon the footjl 
unless tliey be of a very resisting description. 
concave walls recommended by Colonel Emy havsfl 
yet been tried in a sufficient number of cases to jui 
any dcSjiite conclusions as to tlieir merits ; but tf 
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■e in many cases objectionable on the score of the 
round they require, and the great espense, not only 
r the first cost, but of the repairs. 

149. The reasons which should influence the choice 
" the form to be given to the sea slope of an embank- 
lent may be resumed as follows: — 1. It will be 
ifluenced by the main direction of tlic winds, waves, 
des, and currents, which should be made to strike 
le bank as neai'ly as jjossible in a direction normal to 
le surface of the facing, a. By the materials to be 
rocured in the neighbourhood. 3. By the surface of 
ind which can be devoted to the formation of a bank. 
■ And principally, by the commercial considerations 
ffecting the original execution, the maintenance, and 
be value of the whole operation. 

1-50. The inner slope of the banks will depend upon 
he materials of which it is composed ; and at its foot 
I catch-water dram must be formed to collect the 



raters falling upon the iuclosed land, and to conduct 
]iem to the outfall. The Dutch cngineei-s usually 
oake tlie slope about 5 to 1, and they form a roadway 
ibout 20 feet wide between its foot and the edge of the> 
:atc3i-water drain. \Vhen the bank is formed of mud 
yr silt, it ia uecessaiy to carry up in its center a core 
if sand or other hard substance, to prevent rats oi 
. from boring through it ; rhA meKaft taM.?.^. ^« 
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Haketi to cover the exposed surfaces with vegetatiG^| 

a character to bind together the materials of whid^f 

bank is made. ^H 

151. The land ^vaters collected ia the out&Il^H 

ue let off by means of sluices, ivhose apertures w^H 

iilated by the quantity to be discharged, ani^H 

Bnration of the period in which the floiv can ^H 

:, as well as by the head of water which may.^H 

i the commencement of the discharge. Upon^| 

El coast the intervals between the tides recnr i^M 

reat regularity; but in the upper portions of riflS 

a the casual floods are likely to prevent the iUe- 

large during periods of variable duration, so that in 

iny such positions it is very probable that the 

fieclaimed lands may be partially, or entirely, flootlfi! 

1 all such occasions : tlie cultivation to be adopte'i 

mst be regulated with a view to these contingencies. 

ii 152. The simplest mode of closing the outfall drain 

ftl)y a sluice upon binges, fixed at the outer end of ft 

llvert, in wood, masoniy, or iron, passing tbrongh the 

tody of the bank. The floor of this aqueduct ia 

" iced at the level of the bottom of the catcbwster 

feain, and it has an inclination outwards. So long M 

I head of water upon tlie outside of the sluice is 

feater tlian that upon the inside, it will remain 

losed; dii-ectly the waters upon the outside haw 

Hen so as to form a sufficient bead upon the insidi: 

b overcome the friction of the hinge, the sluice will 

[pen and give passage to the waters. It is, however. 

idvisable that a shding gate working in a valve be 

laced behind the hinged sluice, to guard against the 

sibility of accidentiil derangements of the latter. 
I 153. Another description of gate frequently used '<: 
|tese works is the gate working upon a vertical a\i - 
iBif shutting against a rebate, in which tlie areas oi{ 



J 
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fie two portions of tlte gate are made unequal. Wheo 
lie waters on the outside are higher than those on the 
iside, the gates are pressed against the rebate ; when 
he opposite conditions occur, the gates open and 
fford a passage to the land waters. Sometimes, in 
urge gates of this description, where two leaves are 
mployed, they ai'e made to meet at an obtuse angle, 
ike tbe leaves of a lock gate. 
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154, The application of water for the purpose of 
ssisting the growth of plants, appeal's to have formed 
n integral part of agricultural engineering even long 
ififore drainage was considered to form another part of 
bat science, In the burning plains of Assyria, Meso- 
lotamia, and of Asia Minor, in India and in China, and 
aore extensively still in Egypt, works for the distri- 
ration of the great streams flowing from the mountain 
idges of the great hydrographical divisions of those 
tarts of the world Jiave indeed existed from the 
larliest periods of history. It would appear, also, 
hat the modern systems, as we proudly call them, of 
itoreage reservoirs, both for the flood watere of rivers 
ind for the superabundant rain-fall, were known to the 
Migineers of the kings of Assyria, Egypt, and India; 
fnr the artificial lakes of Nitocris and McEris, and the 
bge reservoirs or tanks of Bintenny, Candelay, and 
Mtunery, which are alluded to by the earliest travellers, 
Blight still serve as lessons, or models, to our own 
sngineers. A very interesting account of the irrigation 
jf the nations of antiquity may be found in Jaubert 
ie Passa's " Eecherches aur les Arrosages chez les 
?euple3 anciens," and the reader who may desLe to 
ue the investigation of this part oi \>iG ■si&i-ie.'d 
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would do well to consult that learned work. FolJ 
present purposes, it may suffice to say that tlie^| 
ciples and practice of irrigation so applied in the^| 
ancient centres of civilisation were soon lost nnd^H 
role of the Macedonian and of the Roman GOnqii^| 
of the ancient world. There are occasional refffl^| 
in the Latin books " De He ruEtticti," to water mea^H 
and the well-known jiassage in Virgil, " Claadit^f 
rivos, sat prata bibernnt," evidently was inspir^f 
p the habitual practice of irrigation in the neighboa^l 
'&£ the poet's birthplace, Mantua, whicli is still i^M 
\(ientre of the most perfectly developed system o^H 
'ftescTiption of agiiculture. Bat the works exc^| 
hy the last masters of the ancient world for the ^H 
tffltion of wat«r to agriculture were far inferior in'^| 
importance, and their scientific character, to th(^| 
<tiie nations tliey had conquered ; the irrigation ^H 
uels and reservoirs of the latter were, iudee^.'i^l 
many cases, allowed to fall to ruin, so that even 1^| 
the northern barbaric tribes, or the Saracensj^l 
^ally destroyed the empire of the Ciesars, the V^M 
Bess had again invaded large districts which had ^| 
fertilised by the industrj' of the native princes. U^ 
lingular that we should thus be able to trace the los 
,of a science to one of the most highly civilised nation 
«jE antiquity, and perhaps more singular still that w 
diould discover its revival amongst those whom it li. 
1)een the fashion to call barbarians. But so it actiu!!' 
has been with irrigation ; and the first records that v. 
■wm discover of the systematic revival of its use ai'i: ' 

I discovered in the history of the Gothic tribes 
Ttaly, and amongst t^je Saracenic invaders of Spia »; 
Spain. One of the moat ancient in-igation cana^ ■ 
the Pyrenees bears indeed the name of Alaiie; an 
even at the present dny tt,o.t system of agriculture a 
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' adopted, as an original national system, in the 
Ifitries which were settled by the Goths or the 
Aoors on the continent of Europe, or by the West 
kxoQS amongst om-selves. 

155. Without dwellmg upon the progressive deve- 
jpment of the science of irrigation, it may suffice for 
he purposes of this work to mention that in France, 
ipain, Italy, Belgium, Switzerland, Egypt, Syria, and 
odia, many yery important works have been executed 
t various periods for the purpose of distributing water 
ver the land, "In some parts of England, especially 
1 the south-western counties, irrigation is much nsed, 
S it is in Northern Germany, parts of Sweden, and in 
jnerica. The results obtained by the recent ope- 
a,tions of the East India Company, in the Bengal and 
ladras provinces especially, have been so extraordi- 
ary, that the opinions formerly held, with respect to 
le most favourable regions for the application of 
rrigation, must he modified to a great extent ; but it 
■as at one time generally believed that the temperate 
ones were tlie most fitted for the application of the 
ystem. Tlie most important works of this description 
lave, therefore, been executed between the parallels of 
iititade 85" and 57° north; and the principles bere- 
fter explained have been mainly derived from the 
iSamination of the results obtained in that district. 

156. The object for which the execution of the 
vorks required to effect an irrigation is undertaken is, 
generally speaking, to increase the quantity of green 
fiod for the cattle required in a well-balanced system 
il agricultiu'e ; and it is therefore to meadows, 
fhether natural or artificial, that irrigation, in tem- 
*erate regions at least, is most commonly applied. In 
lie cultivation of garden produce great quantities of 
H^^e often, no doubt, used ', but \.\\e in.'&ivQ.e'c «5^ 
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^^ufae conditions under which it is furnished aa 
^^■^Bentially diiTerent irorn those ^hich prevail irhn 
^^nrster is led between banks {in rigo, per rivumm 
^^ntbat the term " irrigation " cannot be used in spefl 
^^Bof tliifi class of operation. It is, indeed, tm 
^^nxclusively to the cultivation of green cropal 
^^■rrigation is applied ; for the rice grounds of ■ 
^^■BlimateB may be considered to form an exceptifl 
^^Bhe ordinary rule, and the foUowing remarks 
^^nrincipally have reference to that description ofl 
^^Kations. The term " natural meadows " will h^fl 
^^Hbe need to express those meadows in which thefl 
^^Bation is principally composed of the Grdmin^^M 
^HftB the Phlaum pratense, Lolium perenne, .ffl 
^^mtyhatica, Poa pratensis ; whilst the term " atv 
^^PSieadows " will be used to express those in whiol 
^^Kjegutninogts prevail, such as the Medicaga M 
^V'-STri/'oiium pratense, Vicia sativa, &c. m 

^H 157. The description of soil which demfl 
^^■ereatest beueflt from inigation may be describes 
^^■^eneral rule, as beuig that which is tlie most peCid 
^^Knd the most easily warmed. Compact clay ■ 
^^feain -the least by being covered with water, bJ 
^^Rhey do not easily allow tliat fluid to penetrate d 
^^eoots of the gi'asses, and they do not easily ahs(M 
^^Hbansniit the heat necessary to allow the wad 
^^Bproduce its greatest effect; moreover, as they ?aA 
^^Retentive, the evaporation of tlie water they retaid 
^^ the surface positively cools tlie gi'ound to a Bfl 
extent. The nature of the subsoil may, hofl 
modify very considerably the pi-actical applioatjl 

k these remarks. I 

158. All waters are not equally applicable tfl 
purposes of irrigation, and great care must be a 
[U5ed in their selection ; that is to say, in the rel 
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iiich iiTigatioii performs another function than 
tat of merely supplying the moisture necessary ( 
enable plants to assimilate their food. This is a 
important observation in such cases ; for, in Indi* 
especially, the quahty of the waters does not seem f 
have much influence upon the growth of the crops j 
but in the more temperate regions, and especially upon 
■;ii> artificial meadows, the chemical nature of the 
Iter becomes a matter of serious consideration. 
1ms, the streams which flow from forests or from 
peat mosses, or those which contain large quantities o 
the hydrous oxide of iron, ai'e, if not positively 
injurious, at least but little adapted for irrigation 
purposes. Springs as they rise from the ground' are' 
often too cold for this use, though in Italy the sorgenii 
of the Lombard district constitute, in fact, the value of 
the marv'ite, or winter meadows. The waters derived 
from the granitic or tlie primary rocks, especially when 
the latter are characterised by the presence of large 
quantities of decomposable felspar, are always more 
! I '1 vantage ous than tliose derived from the secondary 
I'linuations, on account of the potash the former: 
Usually contain. Many of the streams from the- 
secondary formations d eve lope the growth of the 
Carex and of the poorer description of the Gramineai 
whUst the waters flowing from other members of the 
Series, such as the pure carbonates of lime, are highly 
fevourable to the growth of the Leguminoste. It i 
perhaps, dangerous to lay down auy invariable rule ia 
these matters, for as the condition to be fulfilled by 
any inHgation water is that it should correct the 
natural defects of the soil it flows over, the very 
qualities which may be desirable in one situation 
might be objectionable in others. The only safa 
»al rules, then, with respect to the cW\cft oi b 
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wonrco of supply for an irrigation ai'e, that 

■ Wtiters are the best wliicli have been the 1 
■exposed to the air, and m the proportion iu 
■they have traversed fertile laoda able to commi 
Bsome of their chemical ingredients ; and it is a 
Kvccount of the lai'ge quantities of fertilising n 
Kthat the waters which have flowed through large 
Baave thus acquired, tliat they become voluai 
Beeders to irrigated meadows. A very simple 
Bkowever, exists, by which the adaptation of 
Bgcular stream to the purposes under com 
Btnay be judged, viz., tha one derivable from the 
■of the vegetation which naturally takes place 

■ banks, and on its natural bed. If these sho 
■covered with a luxurious, vigorous herbage, and 
■vaters sliould abound in fiab and moUusca, thi 

■ be considered to be fitted for the proposed ose. 
Blr&cMsh waters of the embouchures of rivi 
■often highly advantageous, and cattle are 

eat the grass gi'own in salt-water marshes 
avidity. 

lull. The period of the year in which watet'l 
be pom-ed over the land will varj-, necessarily, mq 
latitude of tlie locaUty, and the desciiption of en 
proposed to raise. In very warm climates the pri 
function discbai-ged by the water is to lower the i 
iTiture of the ground and to correct the drought 
climate; and evidently, in such cases, it mi 
applied during the summer months. In of 
Iricts, however, irrigation is expressly resOTted> 
the purpose of protecting the vegetation 
ejects of frost, and of obviating the effects 
sudden changes of temperature which tate pi 
she winter and in the early spring; whilst in 
. ilistricts a^iu it is an important object to 
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1 matters brought down by the Btreams £rom the 
F parts of their baslus. To obtain the former of 

; objects, it is necessary to irrigate in winter ; to 
tain the latter, to irrigate about the eqiiinoxesj 
cause it is about those periods of the year that 
rers are usually the most charged with alluvial 
atters. But there are many exceptions to these 
Ues, dependent upon tho melting of the snows on the 
oimtain chains, or upon other conditions of physical 
lography ; and it is also to be observed, that the very 
ct of the waters of a liver being charged with much 

..iient may at times become a source of serious 
iivcnience; for, if a vigorous vegetation should 
^judy have grownup, the impalpable powder which 
paid thus be deposited on the leaves of the plants 
l^old render them unfit for cattle. The time of day 
i which the water may be applied has also an 
ifluence upon its results, in warm weather especially. 
t has been observed that there is danger in applying 
. when the heat is the greatest ; and that it is prefer- 
ble to let the waters flow over the ground in the 
lomlng, or more pai'ticularly in the evening. But 
'ben irrigation is used as a preservative from frost 
liesa remarks cease to be appHcable, and the water 
mst be poured over the ground continuously. 

160. If it be thus dif&ctilt to say what precise quality 
f water, and when it ought to be applied; it is still more 
iffionlt to say, a 2>i'ioH, what quantity is required; 
lecause the ever-vaiying conditions of the soil, and of 
he subsoil, as well as the hygrometric state of the 
■bnosphere, must affect the solution of that problem to 
t serious extent. "We thus find that in the Crau 

> I li.'s the agriculturalists consider that it is necessary 
■ ur over their lands, in dry summers, the enormous 

I entity of 108,000 cubic feet of water per acre, ^et 



iGoii of six mouilis. In this district, the practif 
■ io let tiia water flow over the land at dietlDct inte 
I fifteen of wliicli occur in the season; in the 1 
I Garonne the periods of ii'rigation are more numei 
I (they are twenty in number), but the quantity of « 

ess, being 112,000 cubic feet per e 
f ■iSeason. In Algeria, the French engineers cal 
fthat a quantity equal to about 44,000 cubic feet t 
J.auffice under similar circumstaaices ; in the casta 
f Pyrenees, the total quantity used jier acre, i 

I said by Jaubert de Paasa not to exceed 37,0! 
lobic feet ; whilst in our East Indian possessions ^ 
Iqoantity usually famished would, in the s 
amount nearly to 72,000 cubic feet per acre ; or allg 
hAOO cubic feet per acre per day. Nadault de Sbj| 
■states as the result of his observations in the 8on( 
I'iFrance, that the maximum quantity required dni 
Pthe irrigation season is about 1,200 cubic feet p 
[ .day ; hut tliis calculation appears to be rather es- 
t aggerated. In om' own country tliere would certainlj_ 
Whe no occasion for using so lai-ge a quantity of i 
■itod it may be of interest here to obsei-ve that inM 
^county of Gloucestershire, the practice is to i 
^tream of two inches in depth to flow over the s 
I and to dress the latter with a fall of half an inch ti 
loot from the feeder to the drain. 

161. The primary conditions for the establishi 

^f a system of irrigation thus are, that a co^ 

lupply of water should exist at all times ; and it I 

T matter of equal importance that the land to be I 

[ ^ated should present such a configuration, as to a 

l,the waters to flow over it with a regular- currentifl 

T to insure a perfect discharge of the water after it i^ 

I .lave passed over the land ; for directly it stagnata 

Ifce lower parts of the ground, it will developf 



growth of noxious plants. It thence follows, that in ii 
good system of irrigation, the levels of the laud must 
be regulated so as to ensure the i'oUowing conditions : 
1st, the waters must arrive by the culminating points ; 
Snd, they must be distrilmted in equable quantities, 
and with an equable velocity over the lower portions 
foiling away from those points ; and 3rd, they must be 
collected into the outfall drains, immediately after they 
shall have passed over the land to be irrigated. In 
fact, the removal of the waters is nearly as essential as 
their original introduction. 

162. The water may be conducted to the higher 
points of the land by forming a bar, or dam, either 
wholly, or partially, across the line of the stream from 
which it is to be derived. Wherever it is possible, the 
adoption of the former coui-se is preferable ; because it 
allows the water to be penned back, and thus to be 
ponred over a greater surface, and from a higher point. 
Should this mode of raising the surface level of the 
water bo, however, adopted, particular attention must,- 
be paid to the possible effects of the dam in floodii 
lands situated above it ; and it nmst he borne in mind^ 
that the toj) water line of any intercepted stream i: 
a regulai-ly inclined, though sensibly horizontal, lineJ 
but that it assumes the form of a hyperbolic curyaf 
(§ 50), which may be considered to join the naturs 
declivity at a distance varying with the velocity of thM 
stream. 'When the water is obtained from reservi 
His easy to regulate the precise level of the feedera 
but the construction of these reservoks requires mann 
precautions and great practical skill. In Spain, and ii 
India, they are often used on a very large scale, anal 
ttw various reservoirs constructed in the north of 
England for mill purposes might, now that steam has 
Veen substituted for water power, be ea?.\Vj ^lo■cl.■^%\^«.4. 
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Vttbr the pui'poiies of iriigation. The discusBion of .tifl 
mode of forming reservoirs of this descriptioitd 
reserved for the division of this portion of the scUH 
of hydraulic engineering especially devoted to S 
subject of canals ; but it may be advisable to 8^| 
here, at the risk of some repetition, that the forma^J 
of the ti-ansvei'se dams is the most important detail 
such works, and the terrible consequences of ^H 
accidents as the bursting of the HohuErth dam, n^| 
suffice to prove the necessity for observing e^| 
possible precaution in theii- construction, and in (^B 
venting any infiltrations below their foundations. 
When these dams are constructed of earthwork, the 
crowns should be made of a widtli equal to half the 
clear Iieight, and tlie base be at least equal to three 
times the same dimension. It is safer to make the 
principal slope on the inside ; that is to say, towards 
the water, and to dress it into steps ; and it would be 
preferable to make its outline in plan convex towards 
the water. The top should be at least two feet aboi^ 
the bigliest water line ; two sluices should be pi 
near tlie bottom, one for drawing off the water, 
other to allow the reservoir to be cleared ; and 
ilows, or waste weirs, should be formed, so as to 
prevent the water from ever rising to the top of tlie 
dam itself. If the streams flowing into such a reser- 
voir should be charged with very large quantities of 
matter in suspension during the rainy seasons, it may 
also be necessary to form depositing basins to receive 
the mud and sand they bring down. 

163. There are several systems for preparing the 
land to bo irrigated, varying according to the natuml 
configuration of the ground ; but in England there 
two modes of effecting this object which prev^ over 
all the rest. These are known by the names of 
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hfd-icork, tiud the catch-waUr irrigations. In 
former, the land is thrown into beds or ridges, 
directions, which are kept as newly as possible at 

right angles to the main feeder, although that arrange- 
ment is by no means necessary. In catch-water irri- 
gation, however, ditches are made across the declivity, 
at regular distances from one another, so as to catch 
the water flowing from the top of the field, and dis- 
tribute it, again and again, over the land. The bed- 
work in-igation is more expensive in its first cost than 
the catch-water irrigation, but it is fai- more unifor 
successfnl than the latter ; because evidently the lai 
over which the water flows immediately upon leavi 
the feeder, must receive a larger poilion of the ferti-''^ 
lizing matters it may contain than those portions 
receiving the water, as it were second hand. Catch- 
water irrigation, in fact, should only be resorted to in« 
those positions where the declivity is too great to alloM 
of the troughs, or distributing gutters, being made t 
point down the natural slope of tlie ground. Thi 
system is, indeed, almost exclusively practised in t 
hilly districts of Gloucestershire, Somersetshire, ( 
Devonshire ; although occasional illustrations of i 
are to be found in the northern provinces of Spain, o 
in the Savoy and Switzerland. 

In bed-work iiTigation tlie beds and ridges are e 
disposed, that a ridge may be formed having a slighj 
longitudinal full from the feeder, and having the grouj 
on either side disposed with a slope towards the drai 
leading off the waste waters. The channels, or fl 
troughs, upon the ridges commimicate with the mai 
feeders, or conductors ; their inclination is usually madel 
about lin .jOO, and their length is usually limited to 70 
yards; for it is considered that irrigation waters should 
not flow over the ground for a gi'eater distance than, tt^ 

Q.% J 



^Htte just mentioned, without being again restored ^1 
^The parent stream, Tlie usual dimeusioiis of th^H 
channels is about 20 iucbes in width at the juncti^H 
aud 12 inches in width at the end. The iuclii^H 
planes on either side of the chauiiela have a transT^H 
inclination, varj'iiig witli the natui'e of the soil, and ^H 
supply of water : thus in light and absorbeut soils t^| 
require to be but slightly iuclined, in order that ^H 
water may remain long on them, and not scour I^M 
land; whilst in compact heavy lauds the rate^H 
inclination may be increased. Generally speak^H 
the limits of variation, in the inclination of the »^H 
range between 1 in 1000 and 1 in 100, accordinfH 
the nature of the ground; and the same consideratinff 
regulate the width of the planes. The more compnci, 
indeed, is the nature of the soil, tiie wider mn} 
conveniently be the planes, because the water cini 
flow upon them over greater surfaces without he'nvi 
absorbed ; whilst in open porous soils tlie widths mm'. 
necessarily be diminished. Upon stiff clay landflvA 
width of 130 feet may occasionally be given to f 
planes; whilst, upon porous sandy soils, 40 feet is ij 
usual width. When the beds faR in one < 
longitudinally, the crowns or ridges, A a, sboi^ 
in the middle ; when they fall laterally and 3 

tnally the crowns should be made ' 
er aide; and, in either case, they should j 
slightly above the upper edges of t]ie planes 
dimensions and inclinations of the ontfall drai 
^af ihe feet of the planes must be made sul 
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gi'eat to insui'e the speedy aud effectual removal 

the water. 

104. The channels, or subsidiary feeders, receit 

tlieir water from a conductor, or main feeder, whio 
runs at light angles to them, in those cjtses at leu 
wherein the supply is derived from a river which n 
be likely, at periods of flood, to exercise dangeron 
effects upoD the ground, or wherein it may be coa 
sidered advisable to maintain the waters under control 
if, however, the stream itself should be but of insigoi 
ficant volume, there can be no reason why the feeder 
should not be at once connected with it. The mai 
conductor takes its origin above the weir before supposa 
to be placed across the stream, and should be i 
directed as to convey the water to all pai'ts of the lai 
to be irrigated ; aud its banks should be made a littl 
higher than the surrounding land, so as to insure tlu 
flow of water to the latter, without its spreadinj 
laterally overtlie sides. Of course, the inclination a 
the sectional area of the conductor must be regulal 
mainly by the number and position of the subsidiarj 
chamiels ; but it is also necessary to take into account 
the quantity of water which may be absorbed by the 
earth, or lost by evaporation, during the passage of the 
water through the conductor. This last mentionei 
cause of loss may be diminished by confining th< 
width of the canal within the narrowest possiblt 
limits. Another practical remark is also to be made 
viz. : that if the i-iver should carry down much alluvia 
matter, it is advisable to give the conductor a tolerabl] 
sharp fall, in order that the alluvions may not b< 
deposited therein; an inclination of 1 or Ij in 10,00( 
will be found suflicient for this ijurpose in the majoiitj 
of cases. An additional reason for making tlie con 
i narrow as possible is to be io\j».iiL S» 
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consideration, that by so doing the smallest quanJ^H 
of land is occupied. ^H 

16d. The formulEG hy means of which the dimens^^l 
of the main conductor maj' be ascertained, are tl^H 
ahready given (§ 44); and these formulFe mnst^H 
applied ic countries wherein water is suffictei^H 
Talaable to make it necessarj' to calculate its effit^^f 
diatributiou. The class of n'orkmen who usuollf di^H 
such operations here ai-e, however, rarely competei^^l 
apply those rules ; nor indeed, when the usual su^H 
abundance of water in our coimtry is taken ^^| 
account, would there seem to be any occasion for^^f 
exercise of so much care and Kkill, In G-loucestersl^H 
it is usual to make the couductin" channel fol^H 
breadth of 300 acres, about IS feet wide by 3 ^H 
deep ; and the rule is suf&ciently accurate in prac^H 
for similar districts. In warm climates, and iQ 
countries where water is seai'co, the strict laws of 
hydrauhcs must be apphed in calculating the dimen- 
sions of Uie feeders. 

106. At the points where the main conductor '0 
municates with the stream, or at those where 4 
subsidiary channels branch off from the conduct^ 
either pei'jnanent or temporary sluices must be p 
so as to be able to regulate the admission and J 
tribution of the water at any period. Of these imd 
ments the most important is the hatch, or sluicM 
the entrance of the conductor ; and it will requi 
be of cousiderahle strength, in order to be ablej 
resist the effects of any sudden freshets; for if t 
freshets should occur when the crop is in a fbn 
state, and be charged with much sedimentary n 
they may produce very disastrous results. The i 
of closing the subsidiaiy channels is a matter ofl 

C importance ; and that o-petation. may be effi 
1 
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wtlier by the use of moveable ilams, or by tbe uw 
simply of pieces of turf laid aerogs their motitlis, £ 
is often necessary to place, npon the main otitfull drains 
batches of the same coustruction as those at the heai 
of the feeder, in order to exclude the back cuirents 
hut evidently tliese hatches must be opened when tbi 
irrigation is in process. 

107. All the above remarks must, however, onlybi 
considered as having a very general application ; an< 
»3 being always suscei)tible of variation, according b 
'ocal circumstances. Thus, the inclination frequently 
given to the main conductors in the mountainooi 
districts of the Alps, Tyrol, Savoy, Dauphin^, aai 
Pyrenees, is -^iu ; whilst in the private irrigatiol 
canals lately executed in Piedmont and Lombardy, t 
*ariea between -rrrBrr to ■xTrn-jr '• and in La Provence I 
Varies from C to 9 in 10,000, It would appear, indeed, 
Hat in mountainous countries the higher limits (M 
^ticlination may be adopted ; but that if the inclinati(H 
ihoold exceed -j^, it would be necessary to retard 
:}ie velocity of the stream by interposing a series c6 
Cascades, or dams, for there are very few soils whiol 
voald be capable of resisting the denuding effects o' 
■he water under such circumstances. If, on the con- 
,rary, the irrigation should take place in a plain, and 
ifter the river has become tolerably clear, the inclina- 
ion may, without inconvenience, be made as above 
stated, from -nnrs- to i ;'^ ., ■■ 

IfiS. In setting out the main conductor, it is im- 
portant that the radius of curvature of the changes of 
Urection should be made as large as possible, in order 
» avoid any diminution in the velocity of the flow, 
md in the rate of discharge ; and also to obviate any 
lestruetive action upon the banks. The minimum 
should be between 100 and 150 yards. The 
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banks sliould be kept nt least 8 inclies above the 
water-lme, wlien the supply of water is constant; and 
it is even desirable to muke tliat height from 16 to 18 
inches, in oriler to guard against any inconvenience 
from the growth of aquatic plants, which takes place 
with great rapidity in such positions. The peciiliiir 
mode of gi'ow'th of this class of vegetation in lout; 
festoons, it is also to be observed, produces a greater 
interference with the rate of discharge of the water- 
courses, than would arise merely from the actual 
volume of the plants themselves ; they retard the 
velocity of the flow, in fact, on account of the manner 
in which their long streamers follow the direction of 
the current ; and it is important that they should be 
cut as often as possible. Tlie cross section to be 
given to the conductor must therefore be regulated by 
local conditions, with a view to securing the twofold' i 
advantage of economy in the first instance, and of t 
minimum outlay for repairs subsequently. When t 
channel is cut in a hard retentive rock, it must i 
evident that the proper section would be one approaq 
ing a rectangular figure ; in any other soil, the ( 
of inclination of the banks must vary with the degree! 
its powers of resistance. A footway should be fore 
on both sides of the main conductor for the purposed 
examining and repairing its banks. 

1C9. In England the supply of water is usually jj 
copious, that it is rarely necessary to measure 
quantity distributed at any particular place. 
*'armer climates, or even here when the preliminM 
expi,>ige of procuring the water has been considerafajj 
its ecocio)Tjical value becomes, however, so muj 
enhancea, that it is a matter of primary important 
to ascertain the quantities supplied to tlie vai'loni 

ipients. The constrnction of gauges has, therefca 
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long time occupied the attention of tlie hydraulic 

neers of Northern Italy; nnd the researches and 

iiimeuta made by them for tlie purpose of establish- 

n simple, self-acting instrument of that description, 

led to the announcement of the curious law of 

■namics, not before observed, to which attention 

1 already called (§ 51), and upon which ia based 

bciple of the gauges used in Piedmont and Lorn- 

A description of these gauges is subjoined, as 

bay frequently be required in our colonies, or 

^ The unity adopted in the measurement of 
_ 1 1taly is called Voncict d'aequa, and it is the 
itity which could flow through a rectangular orifice, 
barging freely at the lower end, but not entirely 
the au', under a constant pressui'e of four inches 
'e tlie orifice, When it is desired to distribute 
e than a single ounce, the width only is modified, 
si idl the other conditions ai-e retained. The 
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of dischai'ge ai'e formed of tlie hardest dcscrip- 
' stones to be found in the country, or occa- 
r of cnat, or wrought iron, anA, axe c\A ?.^\jis«'*. 
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without any bevel, or the additioii of anj-tliing lite n 
fmmel capable of facUitftUng tbe discharge. There 
are no prescriptiona as to tbe thickness, which under 
these circumstances is regulated by the width of the 
opening ; and this latter dimension is usually made of 
the width necessary to jjass six ounces ; when more 
than six ounces are required to be passed, the number 
of orifices is increased. The conductor is formed 
upon the banks of the canal leading from the main 
stream, bj means of wing walls of masoni-y, and the 
sill IS uhUiUly placed at the floor line. If the ground 
be of a soft or yielding nature, the portion exposed to 
the wash of the water must be paved, especially in the 
part wheie a species of cataract will exist. The 
opening ot the conductor a b of fig. 31, is made equal 



!'• 



in i^ilth t-> that of the oviii>je of discliarge, but tlj. 
height is not Kmited. The rectangular space c c, d d, 
is made about 20 feet in length, and 10 inches wider on 
each side than the orifice of dischiti'ge, and the floor of 
this space is laid with a rise of 16 inches in the total 
length, towards the orifice g h. At the level c d, of 
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Jyenting the watei" from rising" beyond the pr 
Benbed height, niid for preventing any movement < 
agitation on its surface. The entry to this covere 
portion of the gauge is formed by a stone lintel, t 
underside of which is exactly level with the top of t 
orifice, and consequently 4 inches below the surface < 
the water ; and as the height of the orifice is alwaj 
8 inches, and the rise of the inclined plane J 
inches, the underside of this lintel is necessarily 
feet above the sill of the sluice. Immediately beyon 
the orifice is the tail chamber, which is made 4 inche 
on each side wider than the orifice ; its length i 
usually 18 feet, and at the further extremity its widt 
is made 6 inches on each side wider than at the coca 
mencement, A small di'ip of 2 inches is formed t 
the commeucement of the tail bay, and an inclinatio 
of 3 inches is given from thence towards the extremi^ 
Gauges of this description require a minimum d' 
ference of level of 8 inches between the water on ti 
respective sides of the sluice ; and so cannot i 
applied upon canals with less than 3 feet of water. 

171. It must be evident that a gauge, such as 
above described, is far from being theoretically perfect 
Indeed there can be no question but that the inter 
ference of the contraction of the fluid vein upon th< 
dischai'ge of a small orifice, must be far greater thai 
that which takes place in a large one ; and it 1 
actually been found that the discharge through i 
single orifice of six ounces exceeds that which wouli 
take place through six smaller orifices of one ouncl 
each, in the ratio of 282 to 323. For all practicB 
purposes, however, the Italian engineers conside 
these gauges to be sufficiently correct; but they c 
not allow more than six oiinces to puss through an; 
ropening. 
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ITS. It ia necessary to constmct waste weirs e 
overflows upon tlie sides of the main condnct 
eBpecially when the stream from which the ^ 
supplied ia liable to suddeu and considerabl 
tiona in its voloiiie. The mode of constructing tli^ 
works, as well as tliat of constructing the bridgad 
aqueducts, syphons, or other details, so closely i 
sembles the mode adopted in canals, that their descrin 
tion is reserved to that portion of the work, 

173. In some parts of France, and in the Milanol 
territory, a supply of water for irrigation has bea 
obtained from Artesian wells; and when the Eprinj 
which feeds those wells rises from a considerabl 
depth, it is, generally speaking, of a very snperi 
quality for tiie purpose in view. The Iiigher tempei 
tiu-e of the waters thus obtained to tliat of river wate 
is of itself an important recommendation , 
favour, and it is indeed one reason why they are prifl^ 
cipally naed in Northern Italy for the "maroite," (JfJ 
winter meadows. At times also, the mineral elementB 
contained in well waters are of gi'eat value ; but it jl 
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application. In otUer countries, especially^ 
IE warm latitudes, mechanical means ai-e resorted ta\ 
lot tlie purpose of raising tlie water to the height \ 
required ; and windmills, norias (fig. 23), swapes, or I 
fadoufa (fig. 2i), Persian, or bucket wheels (figs. 25 and | 
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__ .. .ftlieMoftviah agriculture, aod may be observctl ; 
in all the couiitries where the Saracens settled for aii> 
length of time ; whilst the " fadouf " may be observrii 
in the records of Egyptian civiHsation recorded r 
their temples, or hieroglypliical writings. In our o":: 
country steam power has been applied for raisiiiL' 
drainage waters ; hut, with the exception of the sm;i^i 
works executed at Rugby for the distribution of tin 
town sewerage, the author is not aware of flj' 
erection of any steam-engine exclusively for irrigatii'U 
purposes, though there can be no doubt but that 
such an application would be highly profitable in 
many cases. 

174, With respect to the application of the water, 
and tlio period of the year in which it should be poured 
over the land, much will, of course, depend on the 
latitude, and the purposes to which the irrigation is 
applied. In the south-west of England, the usual 
practice is to irrigate thi'ough the months of October, 
November, December, and January, from fifteen to 
twenty days at a time, without intermission; at the 
expiration of that periled the water is shut off, and the 
groimd left to dry during five or six days. If a shght 
frost should occur, the water is again immediately 
turned on ; but, if there be any probability of a long 
continued frost, the ground is left dry. In Febniarj', 
the length of the periods of ii-rigation is diminished to 
about eight days, and care is taken to shut off tke 
water early in the morning, so as to allow the ground 
to dry during the day time, and thus to obviate any 
danger from the light frosts at night. In March, tin.' 
same precautions are observed; but the periods vi 
irrigation are gradually diminished, in such pi-oi^r- 
tions tliat the ground shall be thoroughly dry beforL- 
s end of the month. The meadows are then depas- 
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tnred during the montli of April, by sheep and Iambs y 
and subsequently eaten barely down before May "bf 
heavy stock. After the beginning of May, the grass 
allowed to stand for hay, and in some districts it iff 
usual to irrigate for a week before the grass is so left ; 
bnt it appears to be an invariable rule with our farmers^ 
not to apply more water after the gi'asa has reached 
two inches in height. 

175. Occasionally the meadows are irrigated aftef 
the crop of hay has been carried ; but some persons 
consider that the grass of the aftermath is, tinder suci^ 
circumstances, very injorious to sheep. Grass lands 
irrigated in summer ai'e, in fact, laiown to produce ih<i 
rot in those animals, though it would appear that 
cattle ai"e not affected in a similar manner; just a 
the damp meadows of Holland, the cattle thrive, 
whilst the race of sheep is both bad in quality and 
hable to violent diseases of an epidemic nature. It ift 
knovni also that if the purest water remain upon lanj 
for any length of time, especially in spring or summer, 
it would deposit a species of white scum of the con» 
sistfince of melted glue, wliich acts very injuriously, 
npon the qualities of the grass. All these remarks- 
may be applied to the other coimtries of temperate 
latitudes in which irrigation is used ; but of course 
they are susceptible of modification, according to tha 
nature of the soil or of the crop to be raised from it 
Local experience must, therefore, always be consultei 
in arranging the details of every work of this deacrip* 
tion. Indeed, the very interesting Reports by thtf 
able engineers connected with the Irrigation depart* 
ment of the East India Company's service shoW 
(hat very little is known, of a trustworthy nature 
at least, with respect to the proper or the mosk 
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cvery-iiny sciences, that of irrigation has been liitheito 
treated with very little pliiloaopliy : the marrelloiia 
results of the works lately executed in India may, 
lierliaps, lead to a more careful investigation thati 
has Iiitherto taken place of the various questiona 
involved. 

170. There is one of these questions of detail which 
certainly merits more attention than it has hitherto 
received from om- agricultural engineers, namely, 
whether or no it be necessary to manure the lamls 
to he iiTigated ? It would appear, from what has been 
hitherto recorded, that the answer to this question 
would depend mainly upon the quantity of water to bft 
distributed, upon tlie relative natures of the soil and of 
the waters, Tlie German irrigators, who are able to 
dispose of large quantities of water, as we also are in 
England, have a popular proverb to the effect that "he 
who has water has grass ; " but in the north of Italy, 
where the supply of water is limited, the universal 
practice is to manure the lands liigbly before com- 
mencing R course of irrigation. In the giwiitic 
districts of Northern Spain there does not appear tc 
be any reason for the application of any fertilising 
ingredients beyond those whicfi are supplied by t!if 
water itself ; and even in parts of the Campine, or llie 
plains near Antwerp, meadows are known to 1)^ 
annually improved, simply by tlie application of walei' 
mthout the addition of any manure. The grasses in 
our northern latitudes act, indeed, to convert the 
mineral and organic matters contained in the ivfiters 
for their own nourishment ; but in warmer latitudes 
the function discharged by the waters distidbuted by 
irrigation is, to facilitate the assimilation of tli9 
elements required for the gi'owth of the plants, rather 
than themselves to furnish those elements. 
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177, Generally speaMng, the turf, or the natwal 
rass surface of a country laid out for irrigation, will 
iffice for tlie covering of the ground over which the 
ater is to flow ; but as it may occasionally he neees- 
iry to sow gfasses for the purpose of, as it were, 
■eating a new vegetation, it may be worth while to 
ve a translation of the mixtures of seeds which are 
leomraended by the most practical foreign ii-rigators 
ir the various descriptions of soils. Thus, for sandy 
)ils, a mixture is recommended composed of the 
jeds of — 



I 

ilay: 



Phleum pratense 
Agrostis vulgaris 
HolcuB lanatus 
Poa trivial! s 
Trifolium repens 
Medic ago maculata 
Lathyrus pratensis . 

Per acre . 



albs. 



"'Tor a sandy soil with a slight mixture of 



Phleum pratense 
Poa trivialis 
Festuca elatior 
Lolium perenne . 
Avena pub esc ens 
Vieia sepium 
^lOtus coriiiculatus 
ifoUum pratense 



Per acra 
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8. For calcareous soils : 

Bromus pratensis . 

"Dactilis glomerata 

Avena elatior 

Lolium perenne . 

Poa trivialis . 
pratensis 
augustifolia 

Medicago maculata 

Trifolium ptatense . 
„ fragiferum 



99 



9» 



5 lbs. 


4 




4 




2 




9 




2 




2 




2 




6 




4 





40 lbs. 



Per acre . 

A. For stiff clayey soils : 

Phleum pratense 
Alopecurus pratensis . 
Poa trivialis .... 
Festuca pratensis 

„ elatior 
Peucedanum ofl&cinale . 
Medicago maculata . 
Trifolium pratense 
Lathyrus pratensis . 
Vicia sepium .... 

Per acre ... 

Of course it must not be considered that the attei 
to fix these proportions is anything more than a r 
attempt to fix the composition of the grains to 
sown ; and every farmer must exercise his own: < 
cretion as to the precise nature of the mixture he ' 
employ. If sovmig should be resorted to, it wo 
appear that in our northern parts of Europe the u 
adroDtageous period for perfoTcmmg that operation 
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bout the month of JIarcli; and, for the puq)ose of 
rotectdng the young plants, it is customarj' ti> sow 
ime of the cereal crops at the same time with tlie 
nsses. Oats seem to be the most useful in such 
ises, and tliey are cut in flower, to be used as fodder j 
p the bucliwheat may be used, provided it be not 
lowed to shed its grain, for otlienviae the new plauts 
ould run the risk of being smothered by it. 
178. "When water is used, as in the warmer regions 
' the East, for garden cultivation, tUe manner of its 
Jplication must vary essentially from that resorted 
I in North-AVestem Europe for meadow lands, on 
leount of the different function it has to perform. 
I the former case the water principally acts to refireah 
le Tcgetation and to facilitate the assimilation of its 
mrishment, and it is therefore made to infiltrate the 
nancl, instead of flowing over it in a uniform stream, 
I is the case in water meadows. The intervals 
itween the watering of the irrigated meadows, how- 
BT, enables that class of operation to be earned on 
ore economically (so far as the mere consumption of 
Iter is concerned) than when, as in garden irrigation, 
fc feeding channels must be kept constantly full; 
|d theuce it happens that the latter operatioa is 
lely performed when the supply of water is obtained 
im reservoirs. \Vherever in the East a permanent 
ipply baa been obtained, the garden cultivation 
ks been apphed; and it might almost be said 
lat in those regions irrigated orchards and gardens 
ke the place of our meadows. The diy, clear, 
aming atmosphere has indeed there rendered in'i- 
"iiTi necessai-y not only for the plants, but also for 
lomfort of man, and even the worst regular 
■ araents have striven to secure that blessing. In 
■- plains of Syria, and in the domimoTva ot ytife 
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Mohammedan kings of India, great woiks bave tins 
been uudertiiken for this purpose; and, indeecl, tlie 
engineers of our East India Company have lately liftd 
little else to do with the irrigation caniJe of their 
predecessors than to repair and slightly redress tlitn!. 
in order to restore their effieiency. There is i ■ 
difference, liowever, between the ii'rigation provided . 
Syria and that of our Indian possessions, viz., that l 
former is almost exclusively devoted to garden cul'! 
■yation, whilst tlie latter is occasionally applied to li; 
growth of rice, and the enormous quantities of ivaii- 
whieh the East Indian engineers are able to dispose ■ 
have enabled them to combine other commercial ap]ii. 
cations of water with the one they principally Lad ! 
view. But whilst dwelling upon this part of tl 
subject, it may be as well to observe, that at all tiiin , 
and in all climates, the tendency of nrigation is to 
develope in the plants receiving it a gi'owth of the 
leaves at the expense of the fruit or grain. This i* 
especially the case in wai'in climates, where all the' 
operations of nature take place on an extended scale;' 
but the effect of the law is to exclude cereal crops' 
from the system of agricultui-c in irrigated districts, 
unless the cereals themselves should be of a peculiat 
nature, such as the rice, and perhaps also the Indian 
com. Moreover, although in India the great feeders 
for irrigation, canals, ai'e at times made to facihtjite 
a species of canal navigation, and to drive mills, tlie 
economical results of such mixed systems have hifhertti 
been more than questionable. 

179. In the warmer latitudes, as has been before 
observed, water is lai-gely used for the purpose of 
creating artificial rice-grounds, and the conditions ■ 
the growth of that plant, as well as those of I- 
application of water to it, a.Ye sufficiently distinct fri 
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londitious wliich preYJiil in ordiimiy imgation tQ 
By a passing reference to Uiem. Xoiv, the rice ia 
easentially an arxnaUc plant, aud it only grows in. 
ladtudcs sitDat(:d below tlie parnllel of 4G° north. 
During its growth it requires to be constantly 
immersed in water ; and it would seem that th* 
quality of the land upon which it is grown, is ai 
natter of far less importance than that of the watec 
employed; and that tlie water is by so imicli tlie more 
fitted for tlie in-igatiou of rice fields, as it is cliarged 
"with the greater quantity of extraneous matter. For 
this reason river and pond waters are preferable to 
Bpring waters ; and indeed, tJie coldness and purity of! 
&e latter ai-e at times so objectionable in rice fields;, 
that it is considered necessary to expose them iit 
shallow reservoirs, and to mis tliem with animal manure' 
hefore pouring them upon the land. It is usually 
calculated that tlie quantity of water required to irri- 
gate a rice field, is about 1 cubic foot per minute, titii 
per acre. This style of cultivation may either b4 
permanent, or it may form part of a rotation ; in the 
iiist case it is adopted because the land is marshy, 
i'itber from the want of outfall, or from the spriugBt 
rising ill it ; ill the second, a species of artificii 
inigution ia required for every crop of rice which is toi 
lio raised from the land, 

ISO. "Whatever may be the nature of the gronnd to 
he converted into rice lands, the first condition re- 
quired is, that tJie water should be l;ept continually 
motion, and that all of it which is brought upon the 
land should be removed. A series of plane surfacea: 
must thus be formed, so that no part of the land may 
be left dry, and that the water may not be allowed tO' 
ataguate in any part, After the land has been pro- 
arly levelled, it is to be ploughed, and then th( 
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■ retaining banks ai-e to be fonnecl ; of these theej 
two aorta : 1st, the longitudinal ones, or those i 
have the same direction as that of the sti 
which are intended to last as long as the field i 
down in rice ; and 3ud, the transverse ban](B, ^ 
intercept the current in an angular direction ; t 
when the banks are completed the rice field i 
divided into a aeries of polygons. The sizes of ^ 
polygons is principally regulated by the difSere 
levels of the planes themselves ; and they are I 
the smallest in those cases wherein the incIinatU 
the greatest, in order to economise the labour o 
posing them in horizontal planes. Moreover, j 
dimensions of these fields are limited by the confl 
ation that the larger they are, the greater p 
there must be that the wind may tear up the 3 
plants. It is usual to make the bonks about 6 u 




above the ground on the upper aide of the held, and 
about 2 feet above that level on the lower eide;;^ 
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; I i.ii IB iiever less than 6 iuclies at the crown ; but a 
liie top of the banks often seiTes for a i-oaci, as well ai 
for tlie immediate object of tbeb.- formation, the widtll 
may vary indefluitely. They arc made with tlie eard 
taken from the lower parts of the field ; and when tliey 
are roughly terminated, the water is let into the firel 
division and allowed to rise about 5 inches all over the 
surface. Openings are then made in the lower banks, 
and water is successively let into them, so that, in factj 
the whole of the field is converted into a succession o 
small pondSj separated by the several banks. During 
the whole of the growth of the plant, it is thus exposed 
to be irrigated by flooding ; but the extent and tha 
manner of this flooding will vaiy with the liealtli of the 
plant, its degree of maturity, and the luolence of the 
wind. It becomes, therefore, necessary to regulate the 
admission of the water in such a manner as to be able 
to control its flow at any moment ; and even occasion- 
ally to shut it off entirely. After the rice crop ha» 
been carried, all the water is withdrawn, and the land:, 
is left exposed to the action of the atmosphere through- 
out the winter, and until the spring. 

181, Before closing this chapter it may be worth 
while to call attention to two modifications of the 
eyetem of imgation which are often of great local 
value. The first of these is known in the eastern 
counties of England by the name of " ivarping ; " and 
it 18, of course, under otlier names, largely practised 
abroad, whenever the natural water courses are highly 
charged with mineral substances in suspension. Upon 
the banks of the Humber, and in some parts of 
Holland and Northern Germany, upon the bauks of 
such rivers as the Ganges and the Nile, it is customary 
to form enclosures, in which the waters of the rivera 
• retained, in order to deposit the alluvial matters 



li^tained, : 



tboy contnin. But tliere is this Biligular difference 
between tlie conditious under which the rivers of 
Northern Enrope, usually employed for warping, deposit 
their alluvions, from those prevailing in the mighty 
streams named ahoye in conjunction with them ; viz. 
that the alluvial matters deposited by the foiToer are 
mostly brought in from the sea ; whilst those brought 
by the Nile and the Ganges, are almost exclusivi' 
furnished by the disintegration of the lands near 
sources. Warping in the former case, can only 
place near the sea; in the latter it may, and 
often, take place throughout the whole course of 
rivers ; and tlie quality of the land so 
necessarily affected by the salts or other ingret 
which are obtained from the waters, 

182. It is usual to surround land proposed tO) 
thus treated by an, embankment, in which are pi 
tlie inlet sluices, at the lowest level. The water enters 
tliroogh these sluices at the highest point of cue tide, 
aud is retained during the interval between two suc- 
cessive tides ; to be then run off entirely, even from 
the ditches, before the influx of the next. Upon tbe 
banks of the Humber it is considered that the most 
beneficial effects are produced by the execution of this 
operation between the montlis of June and September; 
the embankments are made from 3 feet to 7 feet high, 
and it is usually calculated that a sluice, with a eleW 
water way about (i feet high and 8 feet wide, iriU 
suffice to warp a surface of from 60 to 80 acres. In 
this distiict it is found that the wai-ped lands ai'e at 
first cold and raw, and that they require a peouliai 
treatment for agricultural purposes. Thus, they are 
not favourable for tlie growth of corn; oats may suc- 
ceed upon them, but barley never will. The rotatii. 
UBually adopted is as follows : — Tiie new warp is sowi 
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t grass for two years ; on the thii'd year wbeat i«! 
; on the fourth, beans ; and on the fifth, whealr 
again. Should the ground thus warped be found to 
contain too much salt, it must be exposed to the air 
for some time before being brought into cultivation ; 
and at all periods it is found to be objectionable to 
allow the Bait warp to deposit upon growing grasses. 
Indeed, in Yorkshire, it is customary to let the newly- 
warped land lie fallow for twelve months before sowing 
the grass, and to let oQ the waters after the second 
crop of wheat has been raised. 

183. The quantity of sediment brought down by the ] 
rivers falling into the Humber is enormons. Lord i 
Hawke stated, in his Eeport on the Agriculture of the 
West Riding, that one tide would deposit an inch of 
mud, and the source from whence it is derived is still 
a matter of great micertainty. At its mouth the 
Humber is as clear as most rivers, and the floods from 
the upper countries, so far from increasing the qnan- 
litj of matters in suspension, on the contrary, exercise 
a very injurious effect upon them. In the driest 
seasons and tlie longest droughts it is found to be the 
best and most plentiful, and produces its effect totally \ 
irrespective of the subsoil. In fact a new soil is ■ 
formed, and the operation of warping differs in this 
respect from ordinary irrigation, which acts by 
improving the soil already existing. 

1B4. The second system of irrigation referred to in j 
§ 181 is a system which acts piincipally by infiltration, 
and is applied in hilly districts as much for the 
purpose of obviating any ravinement, so to speak, of 
the vegetable soils on their inclined slopes, as it is for 
the purpose of irrigation strictly speaking. The feeders j 
are in tliis case made as horizontal as possible, and thaj 
bupke are raised, so that the water shall noi fto^w ot«J 




146 IBRIGATION. 

the aides ; but it is allowed to permeate the soil ii 

manner dependent of course upon the character of i 
latter. In Devonshire, &c., as waa before said (§ 108 
modification of this system is adopted, under the na 
of the catch-water meadows, which consists in alloi 
the water to flow over the edge of the lower 
the feeders in a small shallow stream, to be colle 
in a series of parallel lower horizontal feeders 
retard its velocity, and retain any vegetable or allui 
matters the waters might remove, A drain is obq 
carried from the top to tlie bottom of a meadow of ' 
description, at right angles to the feeders, for 
purpose of removing the water from them if reqi 
but the entrances to these drains are closed when 
irrigation is to he effected. Catch-water irrigation, 
may be added, is executed at a much cheaper rate than 
any other. For it is usually calculated that the first 
cost of laying down any large area on a system of bed- 
work irrigation is about 101. per acre, whilst that of a 
system of catch-water irrigation is only about 5i. per 
acre. In the case of the Duke of Portland's celebrated 
water meadows at Mansfield, the total outlay was not 
less than SOL per acre ; but as it is tolerably well 
known that the enhanced value of irrigated land, as 
compared with ordinary land, is not less than from 
11. 10s. to 2l, per acre, it is strange that so httle atten- 
tion should at the present day be paid to the subject 
In India, the irrigation works have yielded at leaat 
from 40 to 60 per cent, on the outlay ; and though we 
cannot expect in England to obtain equally brilliant 
results, there is no reason to doubt but that operations 
of this description would still be eminently successful. 
The irrigation of the barren sands of the Campine, by 
the waste waters of the canal from the Meuse to the 
SeJjeldt, it would have been supposed would have 
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induced the persons interested m the suffering canal 
property of England to examine whether the sale of 
their waste waters might riot compensate to them in 
some manner for the destruction of their carrying 
trade by the railways. The old Dutch engineers, who 
designed the irrigation of the vaUey of the Itchen, in 
Hampshire, made a very creditable attempt to apply a 
mixed system of canal and irrigation works, that is to 
say, when the state of the science of applied hydraulics 
in their day is taken into account ; and, not to leave 
the county of Hampshire itself, it must appear strange 
that the Basingstoke canal proprietors have not at- 
tempted to apply the lesson they might have learnt 
from their predecessors. 
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QUALITY OF SUPPLY. 



185. The questions wLicli require to be considered 
jfore deciding upon the source and the means of 
ipply of water to towng, are those connected with the 
ualitiea of the water itself, in the first instance ; and 
1 the second, those connected with the physical con- 
itions (as regards level and distance), of the source 

> be resorted to, and of the town to be supplied, AH 
aters, it is well known, are not equally adapted for 
omestic use ; and thoss which are so adapted are 
irely found in the localities where they are to be 
sed; so tliat in almost all cases it is necessary, either 

> bring the supply from a distance, or to raise the 
aters above their natural level. 

18G. Of iate years a great deal of discussion has 
iken place with respect to the precise qualities required 
I the waters selected for town supply, and the late 
reneral Board of Health especially endeavoured to 
atabliah some rather exclusive dogmas on the subject, 
'be discussions have borne principally upon the ao- 
alled hardness, and the softness, of the waters ; and 
tW authorities last named pronounced themselves very 
ecidedly in favour of the latter quality. But in tliia 
ase, aa in most other instances, there ia fur too much 
■Hcettainty with respect to the real action of the agents 
jUdtr consideration to warrant ihe ».%'a&x\)\o'a. oi 
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pbsolute law; and the choice of a Bource of 
Bupply must be greatly affected by the local conc 

of economy or expediency. Unquestionably the ■ 
sive hardness of the water it fumishea may be & 
Objection to a particulai- source, especially when 
JiardneBs ia permanent in its character : but 
fchemical combinations which produce the hardiil 
waters, if they only act within certain limits, ore i 
by the most eminent pathological writers to rendi 
waters wherein they prevail more fitted for human 
sumption than others wherein they are deficient. 
waters, again, are unquestionably more pleasan 
agreeable for domestic use than hard waters ; but 
very softness may he owing to the presence of 
ents able to affect, slowly hut surely, the pbysioal 
nisation of those constantly using them; whilst 

» tolerably well ascertained that there is great dani 
te apprehended from the action of tlie soft 
Bome of the materials used for their distribution, 
times habit modi6es the action of pai-tieular wi 
the human frame ; and it is notorious that peopl 
ai'e accustomed to any one (whether it be soft, 
waters flowing from the primary rocks; or har^ 
those which have been affected by flowing froi 
carbonates or sulphates of lime), are always sa 
affected when they begin to use another water, 
though it may be of a superior quality to the one tht 
previously been accustomed to. Still there are 

I such as those found in countries wherein the soil ia 
posed of the magnesian rocks, or contains the si 
magnesia or of sulphate of lime, which develope 
marked a manner the loathsome disease known h 
name of Goitre, that it must be regretted that so 
certainty should still be allowed to prevail on the 
'abject of the indiapensabVe nasJi^Vft's, q? o. -wfttar ei 
b_» _ 
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187. Perhaps the most satisfactory expositiou of the 
ijaalities so reqtiired is the one given iu the " Aiinuaire 
des eanx de la Frauce," as follows : " A water may be 
conBidered to be good, and suitable for drinking, when 
it is fresh, limpid, and without smell ; when its flavour 
is hardly perceptible, and it is neither disagreeable, 
flat, brackish, or sweet: when it contains but little 
foreign matter, contains a sufficient quantity of air iu 
diBSolution, dissolves soap without leaving cui'ds, and 
cooks vegetables easily." A small proportion of car- 
bonic acid gas gives a slight flavour to a water, and 
renders it more agreeable to the palate, at the same 
time that it facilitates the action of the digestive organs 
by shghtly exciting them. The presence of this gaa 
in a water, even in a small quantity, must be considered 
naefiil. All authors, moreover, admit that water of 
good quality ought to contain air in solution ; some 
persons have asserted that it is principally on account 
of the oxygen thus introduced that the aerated waters 
Me 90 superior in their quality, and they even attri- 
bute the occuiTence of certain endemic diseases in the 
moantainous districts to the absence of oxygen from 
fte BBOW-waters there consumed. 

1S8. " With a few exceptions, the waters which hold 
In Bolutiou a notable proportion of organic matters 
^trify rapidly, and acquire injurious properties. It 
las been proved that diarrhtea, dysenteries, and other 
icnte or chronic diseases, have been determined ende- 
oically by the long continued use of the water of 
lOada, marshes, or wells containing excessive propor- 
ions of altered organic matters, either in suspension 
r in dissolution." The investigations of some EngUsh 
athologists into the effects of certain well waters upon 
tie health of the population using them, more than 
cmfirm the tieoretical opinion thus ex.'^Teft^fei. ^s^ 

I 
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t^rencli chemists from whom we have quoted; ^^M 
there can no longer be any reason for the semi-he^^H 
tion witli tvliicli the latter authoritiee assert the ^^H 
ciple that "the smidler the proportion of org^^| 
matter contaiaed iu a water, the hetter it is," ^^M 
with regard to effect of other fixed bodies, it ia ^H 
possible to speak with similar certainty ; for w^^| 
some authors contend that air and cai'honic Acid^^| 
the only foreign matters which ought to be presen^^l 
a dnnldng water, other authors contend that ceE^^f 
matters, in small proportions, ai'e necessary to c^^| 
municate to it a pleasant flavour, even if they be^^| 
neeessaiy for its wholesomeness. Thus the bi^^| 
honate of lime, whea it does not exceed the propor^^| 
of 1 in 9000, is considered by M, Dupasquier, the ^^M 
physician of the Hospital of Lyon, to he positi^^| 
advantageous to the quality of a water for dom^^H 
purposes ; but the salts of magnesia are at the pre^^H 
day considered to have a very injurious action i^^| 
the populations consuming the waters charged ^^^| 
them. The sulphate of lime, moreover, does no^^H 
the process of assimilation, produce any of the im^^H 
tant and desirable changes which the bicarbonat^^f 
the same base is considered to do : and the sulp^^| 
has the additional inconvenience of being easily de(^^| 
posable under the influence of organic matter, when it | 
gives rise to the production of sulphuretted hydrogen, 
one of the most objectionable gases to be found in 
water. Sulphate of lime also, it must be observed, i- 
not tlirowQ down by boiUng, so that the harduti^ 
it produces is permanent; whereas when the bicai 
bonate of lime is present, the effect of boiling is i- 
disengage the second dose of carbonic acid, and tlui" 
to reduce the lime to the state of the insoluble cw- 
Jfoaate. This important ia<iVw\'i>iie?,"jeii\.^ the action 1 
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^^phe bicarbonate of lime was in some unaccoiintabld 
auimer occasionally forgotten by the parties conneetedl 
with the late General Board of Health ; and they rea-J 
eoned about the loss of tea and of soap to the inhabi-j 
tante of Loudon, in consequence of the hardness of thej 
Thames waters, utterly without reference to the changM 
produced in them by boiling. _ I 

189. " The nitrates," again to quote the " Annuairw 
des Eaux," " although they appear to be present in all] 
natural waters, occur in quantities too small, m thosa^ 
habitually used, to allow any rigorous conclusions to^ 
be formed as to their favourable or unfavourable 
action." Jlodem English observers are, however, farj 
from enteitainiog this species of indifference witti 
respect to the action of this particular class of impuri-^ 
ties; and indeed as the nitrates in water are derivedJ 
for the most part from the decomposition of organic 
matters, there is strong primd facie reason for objecting 
to their presence. The waters derived from shallow 
wells, especially in large towns such as Loudon, Paris, 
or Manchester, are often highly charged with thai 
nitrates ; and some persons even go so far as to assert 
tjiat those waters are, on that account, unfit for domestic 
use. In all probability there is exaggeration in thai 
absolute condemnation of sources of supply thus 
affected ; and it is notorious that people have con- 
sumed, uninjured, for years the well-waters it is now 
the fashion to decry. Nevertheless, the facta recorded 
by Dr. Snow, with respect to the influence of certain 
wells in London upon the diffusion of cholera, as well 
as those recorded by Drs. Letheby and Thompson, 
are such as to warrant us in assuming for the present, 
that whenever the nitrates are to ba found in propor- 
tions susceptible of being numerically stated, the 
j^«ra containing them are hardly fitied. fox dfiTOss.^' 
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iSTnnption. It happenB also that the majority o| 
I-waters containing the nitrates are extremely b 
and that they do not lose that character even by boil 
The presence of the nitrate of lime in the Loi 
wells mEiy perhaps he the explanation of the eiisU 
of a peculiar fresh water alga to be found in the« 
^eat abundance. 

190. It is considered by the authors of the "AnnB 
des Eaux," that the small quantity of the chlorid 
sodium to be discovered in the waters habitually ij 
for domestic service is rather advantageous than ot 
wise. " But it is important to remark that thee 
rides, in dissolution in waters, appear to be conata 
accompanied by the iodides and the bromides ; and 
recent investigations which show that certain pli 
which grow in fresh water possess the faculty of i 
milating those salts, xirove that the latter are alsi 
always present. As the latter salts when administe 
daily, even in very small quantities, are able to prod 
upon the humau frame an effect, which from numet 
observations we are entitled to consider as of gi 
importance, it becomes essential to ascertain ta 
most rigorous manner the proportions of the chlorii 
iodides, and bromides in a water designed for drinb 
pnrpoBes. It is worthy of more than a cursory r 
that people suffering under the goitre produced by 
habitual use of waters containing magnesian salts, 
sensibly relieved by the substitution for them of 
waters containing salts of iodine." 

191. The physical character of a source of wa 
supply may influence its quality for human consni 
tion in othenrise than in its appreciable chemical c 
stitution. Thus, the waters which are kept in ft (rt 
of motion may part with many of their noxious p 
ties, snd they may acquire the aeration of which t 
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I have been deficient if they were talten immedi 
■ from their original source. In the case of thl 
water from the chalk formation, for iustance, a cousi' 
dexable proportion of the bicarbonate of lime containe( 
in the water rising from the natui-al springs is parted 
with by a prolonged contact with the atmosphere ; an j 
oven a cursory inspection of tiie mills and their races; 
upon the banks of the river Lea, must convince anj 
one that, if the presence of salts of lime be an object 
tion, the maxim it was once proposed to establish^ 
namely, that "the nearer the source the better thA 
stjpply," could not be invariably true. Spring watei 
is, indeed, popidarly considered to be the most fittet 
for human consumption ; but most scientific observetl 
prefer river waters, provided they run over rocky o 
clean sandy beds, and do not receive the organise* 
matters draining from the lands they traverse. It U 
dangerous to lay down any unvarying or absolute rul 
in these matters ; and in every case it is necessary no 
only to observe the chemical composition of the waten 
it is proposed to use, but also to observe their patho 
logical effects upon the populations resortiug to them 
The human constitution is a reagent far more delicat 
than any of those which may ^used in the laboratory 
uid its indications ought to be studied with even mori 
attention than the rude approximations of analytica 
chemistry. If, however, it be desu'ed to establish i 
safe general rule, there certainly appears to be lem 
danger in adopting the one that river waters are pra 
ferable, for town suppHes especially, than those ob 
toined from wells. In the majority of cases sprinj 
waters, like those of the valley of the Lea above quoted 
are improved in quality by exposure to the air, if theyj 
at the same time, flow with considerable velocity;^ 
^j^f thus part with any excess oi c«t\ic>^iijj 
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^huric acid gases tliey may originally contain ; 
^posit pEirt of the earthy bases they may holdfl 
solution ; they absorb oxygen ; and if the spring wata 
in tlieic course should meet with other springs, chaia 
with ingredients different from their own, a doafl 
decomposilion may take place, and the respective vraM 
may be purified. It does not appear, however, tl 
mechanical agitation or exposui'e to the atmosphj 
produces any effect upon the sulphate of lime, or 1 
chloride of calcium and magnesium, contained in apiJj 
water, 

192. The deposition of the earthy salts conta 
in spring waters takes place in a very striking mai 
in the pipes and channels in which it is conveyed ; i 
it is on this account that it becomes especially nee 
sary to guard against any such inconvenience in i 
execution of works for a town supply. In many a 
this action is carried to such an extent as 
to diminish the available sectional area of the condid 
or even to render necessary the adoption of works q 
very costly nature. For instance, in the aqiiera 
passiug over the Pont du Gard the original eectia 
area has been coutracted by the deposition of the a 
bun^'te of lime, and u^aiaay instances in our ( 
country the same effect nas been produced by that si 
whilst in others, as in pai-ta of Yorkshire, where i 
waters contain in large proportions the hydrous od 
of iron, the interior capacity of closed tubular condfl 
is diminished, by a deposit of that material, with J 
markable rapidity. AVaters of either of these des 
tions would evidently be improved by a lengthei 
course over a clear rocky bed; but^it must always! 
a matter of even greater importance than the avoidai 
o f the deposition of the salts that all possible chi 

,. from vegetable or animal mat^ 
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a be obviated, and that the atmosphere with which 

ie waters are in contact should be pure, One of the 
OBt striking illustrations of tlie outlay it is at times 
!cessary to incur in order to avoid any danger from 
e diminution of the sectional ai-ea of a conduit by 
^position of the impurities contained in the waters, is 

be found in the great aqueduct bridge of Koque- 
TOur. This gigantic work was undertaken principally 
icause it was feared that any reversed syphons, which 
ight otherwise have been employed, would have been 
pidly choked by the impurities thrown down from the 
iters of the Durance. 

193. The waters obtained from wells, particularly 
len they are only raised in small quantities, are liable 

become stagnant, and deficient in aeration ; but the 
ost dangerous effects produced upou stagnant waters 
e those observable in ponds, or small open reservoirs, 
again in the waters of marshy or fenny distiicts. 
I all these cases the decomposition of the vegetable 
id animal matters, which are infoUibly introduced, 
ttirates the water with very objectionable gases, and 
mmunicatea to it very repulsive and dangerous 
operties ; nor can there be any reason to doubt the 
rrectness of the popular opinion which attributes the 
currence of typhoid fevers, in the districts situated 
)on elevated plateaus of permeable rocks, to tlje use 

pond waters ; or of some forms of agues or marsh 
veTB to tlie use of the impure waters furnished by 
ose localities. If, however, it be absolutely necessary 

use stagnant waters, they may be improved by ebul- 
lon, and by a subsequent filtration through animal 
larcoal ; whilst air should be introduced after filtra- 
sn by allowing the water to fall from a height, or by 
simple exposure to the atmosphere. Habich states 
tagnaut waters may be purifiei by -rnvslm^-wSfia. 
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lem a compound of 1 part of quick Ume and -3 ti 
r of 4 of animal charcoal and 1 of alum, in il 
proportion of one of the compound to 1000 of the wftti. i 
in volume; thia compound should be left in contuii 
with the water for several hours, and it is said that it 
is preferable to leave the charcoal in contact with tL-; 
water for a longer period than ia required for the alma. 
The English engineer officers have frequently foa 
great benefit from the uae of alum alone, when it I 
been necessary to employ waters containing i 
alluvial matter in suspension ; but there seems tt 
little reason for thus replacing the hydrate of 1: 
generally used for the purpose of precipitating t 
class of impurities, by tlie more costly material, aid 
Latterly, Mr. T. Spencer, of London and Liverp 
may be added, has patented a process for tlie filtrad 
of water containing deleterious gases, or tinged 1 
organic colours, through sand intermixed with t 
of iron, of which a full description wiU be found' ia B 
Journal of Gas Lighting, and Water Supply, toL j 
No. 137, p. 83. This process was said to be espec 
applicable in the case of peat waters. 

194. The waters of large lakes are usually oi 
quality intermediate between those of rivers and ol 
ponds ; but they must necessarily be exposed to acquire, 
in variable proportions, according to their dimensios 
their exposure to the wiud, and the nature of then 
on which they repose, the objectionable qualities^ 
stagnant waters. In some cases, as in the great Swi 
and Italian lakes, or in those of the mountainoa- 
regions of our own country, the waters are prevented 
from becoming stagnant by the passage ■ 
stream through them, But even in these cases iti| 
almost always be found that the quaKty of the n 
^s the line of flow will be Bu^erior to that of the n 
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me body of the lake, or, in fact, that tlie waters o{ 
£e rivers traverBing them are of a superior quality tt* 
their Btagnant waters. 

195. These remarks upon the qualities of wellj 
river, poud, and lake waters, have an important bearing 
upon the system of supply to towns, known under the 
name of the " gravitation system," which has been of 
late years largely applied in the north of England. 
In works of this description the rainfall from the upper 
districts of an elevated range of hills, is collected in 
reservoirs, in such a manner as to store the excess oi 
the winter rains for distribution in the dry season, and 
in almost all cases the reservoirs are established on 
3uch levels as to allow of theii' feeding the supply pipeet 
by natural gravitation, from whence the name of the 
system is derived. Evidently, in these cases, the 
reservoirs ought to be constructed of such dimensiona. 
Eis to yield the maximum quantity for distribution, pre-" 
cisely at the season when there would be the minimum 
rainfall ; but this veiy fact creates a danger for the 
stagnation of the water at ordinai'y seasons. The 
purity of the water must, however, under any circum- 
stances, depend greatly upon the nature of the groimd 
upon which it is stored, upon the ti'ansverse sections of 
the reservoirs, and lastly upon their dimensions. Thus : 
if the ground should be of a nature to communicate. 
any salts, to develope any vegetation, or to contami- 
nate the water by the decomposition of any vegetable 
or animal matters it may contain, the quality of ths 
supply will be fatally affected. Again, it is desirable, 
as far as possible, to make the transverse sections of 
the reservoirs such that the lowering of the water line 
should not leave broad belts of moistened earth or of 
masonry exposed ; it would indeed be preferable, theo- 
lily, to make the sides of suA atoiea^e xe,E.6T(<«« 
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beeD employed in the construction of artificial t^m 

voirs, the waters stored in them for any length of H 
must become deoxygenated, and whatever cheofl 
reactions may arise from the contact of the water 'H 
the gromid, must have ample means of develojl 
themselves. In many of our Eastern colonies ■ 
[option of a modification of this sj'stem of storing's 
ffiesB of winter rains is absolutely necessary, ondl 
itives of those regions have, from the remol 
antiquity, paid great attention to the construetioM 
the " tanks ; " just as the inhabitants of Ceifl 
America have attached importance to the construofl 
of their aguadas, or water stores ; because no pen 
niftl springs, or constantly running streams, are tofl 
found ill those countries. There may be, indeed, ml 
occasions when it may be necessary to resort to 9 
use of artificial reservoirs ; but, in England especi^ 
it can only be on exceptional occasions that the syefl 
of storing the surplus rain, or surface waters, caul 
requii'ed to be applied, nor should it, in fact,fl 
resorted to, until every other available source I 
supply has been exhausted. Under any circomatanj 
the dimensions it will be necessary to give to fl 
reservoirs, in order to obviate any danger from fl 
decomposition of the waters, will always be a tM 
objection to their construction. It must, howeTerJ 
understood that practical engineering is essentially! 
science of the adaptation of tbe means employed to fl 
end desired; and that it would be worse than absfl 
to attempt to lay down any invariable laws with respfl 
to its application. Every individual case which aiifl 
should be judged, in fact, upon its own merits, flfl 
with due regai'd to its accidental conditions. fl 

^^0S. As the waters impovmded in the reseryoirafl 
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^Titation works are particalarly exposed to the action' 
f the surface soils over which they flow, it is as essen- 
ial that the Utter should not be of a quality to affect 
heir purity, as it is that the ground upon which thef 
rater is stored should be insoluble. It is on this 
ccoant that it becomes essential to avoid the collectioni 
f waters from " gathering grounds," as the contributi 
reas to such reservoirs are called, which are coyered 
rith peaty, or with agricultural, land, Tiie former 
ascription of soils contribute not only vegetable organie 
mpurities, but they also give rise to a very unpleasanb: 
olour ; and this colour may often remain in the reser-^ 
oirs, or rather appear to be inherent in their waters, 
vhen in fact those waters are perfectly colourless, anct 
he prevaUiug tinge is exclusively owing to the fine 
>eaty mud deposited at the bottom. Lands, or Boil3» 
lontaining oxide of iron in perceptible quantities ara 
)ften as objectionable as peaty lands, on account ( ~ 
heir influence upon the colour of the waters flowin 
rom them, and also because the salts of iron thosa 
vaters take up are objectionable in a domestic supply: 
jut the most objectionable description of soil for tha 
nirface of gathering grounds is, without exception, an 
igricultural one, on account of both the organic and 
norganic impurities it furnishes. IVhenever, therefore,. 
t is desu-ed to form storeage reservoirs for a town 
supply, the gathering grounds composed of pure sihcious 
sand, or of the insoluble primary or secondary rookaj 
must alone be resorted to. Fortunately rocks of these 
lescriptions are constantly to he met with in the hilly 
iifltricts which form the best gathering grounds. 

197. M. Dupasquier, from whom we have already 
quoted, 8. 188, attaches very great importance to the 
temperature of drinkable water ; and he asserts thatj 
■Mtliygienic principle, it is desirabVe \/j 6.i\s^-^«3 
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winter, and cold water in Eumu 
couditions are of coui'se the most certainly to be d 
with in deep spring, or deep well waters, for they fl 
not subject to the variations of temperature of i 
atmosphere ; whilst river waters, and to a far grei 
extent, pond or reservoir waters, follow elosely | 
changes of the mean temperature of their 1 
In many cases, however, the temperature of i 
waters may be affected by conditions essentially d 
ferent from those affecting the atmos 
instance, when they are fed by snow-clad monnta 
for the melting of the snow will lower the temperati 
of the waters, precisely when the air in the low-lafl 
ia the warmest. Under any circumstances, large s 
faces of standing water must he particularly liabl 
be affected by exposure to atmospheric changes ; 
it should, therefore, be an object in their constmolu 
to place them in such expositions, and in such p 
as to reduce the action of tlioae changes to a n 
The susceptibihty of water in large reservoirs to at 
the temperature of the air must always be an objeoti 
to the introduction of a system of water supply depent' 
m them. 
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QUANTITY TO BE DISTRIBUTED. 
198, When the various questions connected with d 
quaUty of a water supply have been decided, it becod^ 
necessary to ascertain — 1°, the probable amount! 
consumption; and 3°, tlie certainty of being able! 
supply that consumption at all times. In for i 
many cases it may be observed that the calculatidi 
which are presented to bodies executing water-wi 
are based upon average supplies, and average i 
sumptions ; but it is essential to remark that the n 
it which the latter takes place is always the greatestl 
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;he precise period when the former is the least. 
[nstead, therefore, of calcuLiting upon averages, it i 
idvisable to reckon only upon the minimum known 
mpply, and upon the maximum known demand, in the 
locality under consideration. And this observatioq 
applies with especial force to all " gravitation " schemes-j 
because, inafimuch as they depend upon the collection 
of the surplus rainfall of a district, and that surplus 
US notoriously liable to great vai'iations, of a nature t 
afifect duiing long periods the quantity of water it ig 
iible to contribute, a reUance upon an average, of eithe; 
description, will be sure to lead to serious inconvenience 
during periods of long continued di'oughts. 

189, The consumption of water in a town varies 
greatly, on account of the differences of habits and ol 
occupations amongst its inhabitants; and also upoq 
what may be styled the public taste with respect to the 
application of water. It is more than questionabU 
whether, under normal circumstances, the real average 
consumption ever exceeds 6 gallons per individual pel 
day, that is to say, for mere personal services ; an^ 
this quantity may be increased to 10 gallons per head: 
to allow for washing and other household purposes. 
But as in all towns it is necessary to provide for h 
cipal services, and to supply water for trade purposes; 
it is usual to calculate upon introducing double the 
quantity thus indicated, or to assume that the con- 
sumption will take plane at the rate of 20 gallons pal 
head per day. So lou; as the old intermittent mode cfi 
supply to private housi i remained in force, this mod( 
of calculation was found to be sufficiently accurate; 
but of late years the system known under the name a 
the " constant supply " has been introduced, Tinder tiu 
patronage of the Board of Health especially ; and i 
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the consumption haa increased in a most rapi^ an*! 
alarming manner. In London itEelf, where the inter- 
mittent syeteni, however, still prevails, the consumptiuj. 
at the present day can hardly be considered to be kt- 
than 40 gallons per head per day; but, in some instance^, 
where the constant supply haa been given, the con- 
sumption has risen to 80, and even 100 gallons, pfi 
head per day. Of course this could not be the case ii 
an enormous waste did not take place ; but the fact i^. 
that not only is the real consumption of water iu 
towns increasing in a very marked and serious maimci', 
but that it will always be extremely difficult to eontroi 
the application of an article which must be supplied 
tmder the peculiar conditions under which water ii 
usually distributed. It would be out of place here to 
discuss who are the jjroper parties to be entrusted with 
the execution of a water supply to a town ; but it may 
be sufficient to state that when the supply remains in 
the hands of companies, it is possible, even under tlip 
constant delivery system, to keep the consumption of 
water within the limits of 20 gallons per head per daj; 
whilst in nearly all cases wherein the supply has been 
effected by municipal bodies, the rate of consumptiou 
has attained the higher limit of 40 gallons. Indeed, ni- 
the present day, it is hardly safe in England to calculate 
upon a lower average rate ; and as the great developmeni 
lately given to the system of land drainage haa materially 
diminished the quantity of water flowing in dry season? 
in the majority of the natm-al water -courses, it has 
become almost a matter of national importance to check 
the profligate waste of water which seems to be'gainicg 
ground on all sides. 

200. It is so essential to the satisfactory working of 
a town water supply that the quantity disposable should 
be sufficient to meet all demands u^ou it, that at th^ 
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f repeatiug what has beeu before stated (s, l'J7) 
tntion is again called to the fact, that the rate of 
Bumption is the greatest when the supply is the 
it. It is usually considered that in summer, the 
lal requirements of a town are about 20 pei- cent, 
ve those of the average quantity ; whilst in winter 
y are as much below that amount. Messrs. Hawksley 
I Simpson, the engineers, who perhaps have had 
greatest experience in this pai'ticular branch of 
[ineering, gave, duidng the discussions upon the 
erpool Water Works, the following tables of the 
itive monthly draughts upon the mains of a town ; 
foiTuer being the result of actual observation on 
working of the Nottingham Water Company; the 
er, a more general hypothetical statement. 
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01. There ai"e two other considerations which 
lire to be taken into account when endeavouring to 
irtaiii the amount of consumption, especially in the 
! of gravitation water-works. These are, firstly, the 
ipensation to be supplied to the possessors of water 
ileges in the distiicts likely to be affected by the 
rception and retention of the surplus waters of the 
leason; and secondly, the amouiA o^ i 









HOT SDPPLT OF WATER TO TOWNS. ^H 

Hi IB necessary to provide for. Kvideotly the ^^M 
source of consnmptiou must he regulated by the iu^^| 
state of the mill and other water property exiE^^H 

upon the water courses, and it can only be ascerta^^H 
by a careful esamination of their working powe^^| 
capacity. These are questions of fact not of the^^| 
and It would be dangerous to lay down any generq^^f 
abstract laws with respect to them. It may, ther^^H 
suffice to say that in most cases it is advantageon^^l 
the owners of water privileges that the irregulaiiti^^H 
the streams they use should be regulated; and^^| 
they must he gainers in cases where they possees ^^H 
power by any operations which tend to give tli<^^| 
permanent, rather than an iiTegular supply. Unf<^^H 
nately this is rarely considered by the juries oi o^^H 
tribunals, which assess the amount of conipertsalidlJ^H 
be given to mill owners affected, or said to be affeoKo^ 
by the impounding of waste waters ; and it is therefuri 
prudent to make a liberal allowance for thesuppij'?' 
compensation reseiToirs it is necessary to fonu, "■ 
:der to meet this source of consumption. 

1. The allowance to he made for evaporation mu^i 
depend entirely upon the physical conditions of tl^' 
locality in which the reservoirs are constructed; itn 
the rate of evaporation depending upon the rarefactiu^ 
of the atmosphere, it must necessarily rise or fall witi: 
the conditions affecting that rarefaction. The averns;' 
temperature, the exposition, the average rate of moti' 
in the air, the circurastances likely to affect the hygii'- 
metric state of the atmosphere, or to charge it with 
vapour in suspension, must vary in every individual 
ease ; and the recorded observations upon all thesp 
modifying causes must be taken into account; bearing, 
however, always in mind that the supply must exeeeii 
the {iemand at the periods of the maximum drauglil 
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The doctrine of averages is especially fallacious in Uxid 
particiilar instance ; for the average rate of evaporatiolH 
is ascertained from the result of the observAtioflfl 
earned on during the number of years coiistituting tbfl 
cycle of the climate at the place under consideratioifl 
Bat it often happens that for three years conseciitivcljfl 
the rate of evaporation will be greatly in excetts of thfl 
average ; so that it is essential to know rather thfl 
maximam rate in the locality than the probably dpcapJ 
tiTO average. In the hilly districts of the north-weiifl 
of England the rainfall vaiies from 32 to 60 inches pgfl 
annum, whilst it is estimated that the evaporation froqfl 
the water surface may be considered to be BafelA 
allowed for, if the parties examined before Parliamein 
be correct in their opinions, on the calculation of iuM 
taking effect at the rate of from S to Id iuchcB pSM 
annum. This calculation is however very questiouabl^f 
and certainly in the low lands it would lead to disM 
aetrous results. Mr. Daniel records many instauoea imt 
which the rate of evaporation during the hot summsr^ 
months is at least double that of the rainfall; and it 
is even upon record that the evaporation from a large 
exposed water surface has amounted to as much oAm 
foui" inches in a day. Evidently tliis would be B^T 
exceptional an occurrence in England that it would na| 
be advisable to provide for it ; but the expericnod 
derived from the use of reservoirs on canals appeal 
to indicate that, during the summer months, it ; 
necessaiy to allow for an evaporation ranging betweeia 
• and -J- of an inch per day, or for an average evaporB-l 
tion of from iV to -r? of in inch per day throughout! 
the year. In addition to this source of consumption itfl 
would be necessary to allow for the filtratioji into tha.| 
fiobsoil ; but the consideration of this part of tlie subjcotl 
■■ft be more conveniently reserved for th« % 
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inal and river navigation. It may suffice here to en 
that it is tlie greatest on light sandy lands, or o. 
fissured limestone rocks ; and that it will take place o 
every occasion of laying bai-e the hottom and T ' 

■ my reservoirs or canals. 

■ 203. Before, however, closing these remarks I 
"Ihe rate of consumption of water, and its iofliiH 

upon the decision as to the dimensions to be { 
to catchwater reservoirs, it may he advisable to eti 
even at the risk of repetition, that as the etre 
which supply them are fed almost entirely by the is 
running otf from the land, those streams must naj 
sarily vaiy considerably in volume. The rangel 
variation will depend upon the greater or le^ 
equahty of distribution of rain-fall ; upon the configl 
of the country with respect to the outlines of hilla 
dale ; and upon the capacity of the superficial strata 
absorb and retain water during wet weather, and to 
part with it during droughts ; or, in fact, upon thdJ 
capacity to store water, and thereby equalise the flow 
of the streams. The dimensions of the reservoirsmiial 
then depend likewise upon the distribution of the rain- 
fall; and it would appear that, practically, it is found 
to be advisable to make their capacity of storeage 
equal to about six months' consumption, in addition 
to the quantity which is likely to be lost by evapon- 
tion. A well executed system of either catchwater ii 
thorough drainage, would unquestionably increase to ; 
great extent the quantity of water derivable from .1 
given ai'ea, but it will in nowise diminish the necesaii; 
for constructing the storeage reservoirs, but rather, oii 
the contrary, augment that necessity ; for as the wah-. 
in such cases is directly removed, the storeage capafil 
of the ground itself is also diminished in the din-i ■ 
proportion of the perfection of the drainage. Ilm < 
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neglect of tliis ^mple principle has no doobt materi' 
atljr affected the success of some reoent works, saeh 
the Itagb7 and the Siindgate water-works. But for 
other reasons, the system on which those works 
designed is an objectionable one ; for the formation 
of a complete thorough drainage must always be 
expensive operation, and when combined with the cost 
of the necessary reservoirs, it must lead to so great 
an outlay, that it may safely be asserted that the 
piped gathering ground should never be resorted to 
nntil every other source of supply has been esbansted< 
It was formerly considered that, in favourable situ- 
ations, it woiUd be possible to depend upon obtain' 
ing as much as two-thirds of the rainfall over an 
urea bo treated; but the efficiency of the drains 
tecomea rapidly deteriorated, and certainly the marked 
foUures of the Sandgate and of the Rugby water- 
works, (which were carried out on this system), 
have been such as to inspire great distrust of the 
correctness of tlie principles on whicJi they wera- 
designed. 

S00RCE3 OF SDPPLT. 
204. After settling the various portions of the inquiry 
upon the important details connected with the quantitjr 
and quality of the water supply requu-ed for any par- 
ticular town, it is necessary to examine the probably 
sources from which such a supply is to be obtained^ 
and to ascertain theii' permanent conditions, under anjf 
reasonable modifications of the demand upon them. 
These -sources may, for the purposes of the 'present 
inquiry, be classed as follows ; though of courso ths 
classification itself is not presented otherwise than a 
.a mode of simplifying the study of the subject. LocrJ 
instances will often render it unnecCHiBL^A IcJ&V 
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out the details of the mvestigAtioii to the extent isxM 
sketched forth. fl 

805, Water may be ohtained from, 1* Bptiin 
2° wells, either iu the sur&ce strata of the districtfl 
from great depth; 3°. rivers; and 4° from the siirH 
of the ground by means of reservoirs, either with,v 
without, subsoil drainage. I 

»l. SPHINGS. I 

206. The raiu waters falling upon any particifl 
district, are considered by English philosophers palfl 
to flow off from the surface by means of the natufl 
water courses, partly to be absorbed by the vegetalsB 
nourished by the sui'face, and partly to soak into fl 
ground by the mere action of gravitation; the projM 
tions disposed of in either manner being about 9 
same. The water which thus soaks into the gron 
beyond the influence of evaporation, continues to fl 
scend, in a tolerably equable" manner, if the charaM 
of the subsoil should happen to be IiomogeneoasA 
far as its capacity for holding, or parting, with wafl 
is concerned; or in the various fissures, or vefl 
if the subsoil should happen to be, comparati.^ 
speaking, hard, and be, as is generally the cas« 
such soils, strongly affected by the unequal contracttfl 
which have taken place in their mass. The descenfl 
the water continues until it is arrested by the infl 
vention of an impervious bed, or stratum, and it tfl 
will either flow along the top of this stratum, to aol 
point where it meets with a natural outcrop ; or it fl 
accumulate in the water-bearing stratum itself, td 
it can find a natural, or an artificial relief; in ■ 
former case displaying itself in a spring, in the latfl 
feeding any well sunk into the water-charged portfl 
o/the sabsoU. It follows itom tiieaft co-nditiana, tfl 
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eld, as the quantity of water obtainable from a 
feting is called, must depend upon many very compli- 
Ated circumstancesi and it is therefore essential to 
;tndy all the bearings of those circmnstanceB before 
esorting to one of those springs for a town supply, 
tapecially if they should be exclusively fed by the 
lurface strata. 

207. The springs thua fed by the surface strata 
ire technically known by the name of kind springg, 
uid in their case the rain water falling upon the loose 
imneable soils, descends through them simply by the 
iction of gravity, and is never affected by any hydro- 
it&tic pressure. Land springs, in fact, never rise above- 
.he surface of the ground, but, on the contrary, their 
■raters would rush into any depression formed in the 
iphoMii^ stratum, as indeed occurs with the majority 
>£ the shallow wells sunk into the superficial gravels, 
ir drifts. It is precisely ou account of the facility with 
which waters permeate this class of deposits, that their 
[oality is likely to be affected by iniiltrationa from the 
luiTOunding soil ; especially in large towns or populous 
listricts. But in addition to this vital objection to the 
ISO of land springs, for the purposes of a town supply, 
in additional one exists iu the fact that the water, 
bllowing as it were indifferently in one or other 
lirection, will, at any time, leave a particular well, if 
mother weU be sunk above it on the line of flow, and 
it a lower level ; or even if it be sunk below the first- 
ine on the line of flow, and at a lower level. In fac^, 
liere is no security in the permanence of such a source' 
rf supply, and it is worthy of remark, that iu no country 
n Europe is there any legal protection to the rights of 
lie proprietors of undergroimd waters. This snbjeotj 
jljll be considered hereafter. 

e. Deep-seated springs are those ^l^bicla atft Ifti. Ns^ 
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"the watei% ftilling upon, and soaking down to (j^H 
depths in any of the important members of the ^^H 

logical series. Sometimes the waters thus collecte^^H 
intercepted in their descent by the intercalation <^^| 
impervious bed in the general mass of the rock ; ^SH 
under these circumstances, they find their way fai the I 
surface in consequence of some fault, upheaval, or other I 
great geological disturbance, which may have iiit«r- I 
cepted the lateral passage of the water, and at tha I 
same time have furnished, as it were, a natural outlet, j 
At other times the water-bearing stratum may pn^s 
under aii impermeable stratum, and itself repose uin- 
a second impermeable bed. Under the latter circuu' 
.stances the water will flow in the greatest abundiiiu 
it the level of the lower portions of the penaeii^'l' 
:atum,accordingto precisely the same hydrodynaniii-i" 
laws it would observe if it were flowing upon the surfaci 
If, then, an opening shoijd be made tlurough the over- 
laying impermeable bed, the water will rise in fij. 
opening to a height corresponding with tlie hydi-i 
statical pressure, diminished by the fi-iction thewalr; 
meets with in its traject, or perhaps also by the fact ■■: 
the existence of a natural overflow. These latter ovir 
flows are indeed frequently to be found at the poiu'- 
where a permeable stratum passes under an impermcHLI' 
one ; and their existence in such places may be explaineu ■ 
on the supposition that the lower basin, or portion, of j 
the water-bearing stratum being gorged, . the ii^ I 
supplies, which filter through from the higher lands, 
can only escape at the edge of the basin. The existein" 
of a fault may often also be observed near the naturn 
outflows, when the latter even occur at the points whf r 
the permeable strata are covered over by impermeal'l' 
ones, thus complicating the conditions of out6o7V 
Jadeed the most remarkable of the known springs I 
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^t to the sarfiice by each natural causes, and i 
irkable that their Tolnme is generally speal 
1 the cases where they occur in coDseqaenM 
i interference nith the gabterranean &o''> in tb 
_ 3^ of the water-bearing stratum itself, than whei 
they simply act as overflows at the edge of the contain' 
ing stratum- The above cited classification of land and 
deep-seated springs must, however, not be considered 
to have any great philosophical value. It merely ex.* 
presses the apparent physical conditions of the soorcei 
of supply, without much relation to their relative imj 
portance ; and perhaps it would be more logical to applj 
the term land springs solely to those which are fed b] 
the superficial gravels or sands of a diluvial character, 
such as were for ages the sole resources of towns lik( 
London, Manchester, Paris, Southampton, Ipswich, &o. 
209. Important deep-seated springs are to be met wttS 
in almost every geological formation of the secondary 
and tertiary series, with the exception of the clays an» 
retentive mai'ls which occur in such abundance ; buft 
they are most common in the various limestone rocks, 
In the primary formations it may be stated that no deep- 
seated springs occur ; for their impermeable charaetexJ 
imposes an effectual resistance to the accumulation oi 
water below the surface, so that unless they are covered 
irith detritus, or are traversed by numerous fissures, 
these formations are chai-acterised by water c 
a ■very irregular and torrential description; the springs 
they yield are merely land springs, often numerous and 
easily perceived in wet weather, but soon drying up in 
the summer. In the secondary and tertiary strntai 
lujwever, the springs are rarer, but of far greater 
volume than they are in the primary series ; and, 
indeed, the Abb4 Paramelle very justly observes that 
e is a species of relation betweeu iW trogjttgt «mI 
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%e abundance of the springs in a formation. The ^H 
he snggesta is, in the main, true, vi2. : that " the nnH 
the visible springs may be, the more copious they voidfl 
he when found ; " and he thence infers, that if at 8^H 
time a copious visible spring be discovered, it ^^M 
safely be asserted that no others are to he met witt^^f 
the same formation, within a considerable disttt^^l 
especially if its surface should occupy a higher ^^M 
than that of the spring. The most copious spi^^| 
known arc those to be met with in the secondary sei^H 
such as the Fountain of Vnucluse, the sources of ^H 
LoJret, of the Touvre near Angouleme, of the Lot^^l 
near Souillac, of the Thames itself; whilst the bou^^| 
of such gti'eams as the Rhdne, the Arve, or the Gan^H 
being entirely fed by the melting of the ice in ^H 
glaciers from which they issue, can hardly be consiii^^| 
to come under the designation of springs. ^^t 

210. In our own country the chalk -formation exIq^H 
Bome of the most striking illustrations of the condit^^l 
of flow of under-ground waters ; and in many plac^^| 
throws off streams of extraordinary beauty and Toh^^| 
Thus, near Amwell and Chadwell, in close proxii^H 
to the outcrop of the basement beds of the XiM^^I 
clay, and also upon a line of geological distorbJ^H 
which passes under London and is connected ^H 
the outburst of the springs at the head of the Kav^^f 
bourne on the south side of the Thames, are found^H 
celebrated springs which originally supplied the ^^M 
River. At Bury St. Edmund's, Suffolk, a very pow^H 
spring, called the Mermaid's Pits, is brought tO^H 
surface on the side of a valley transverse to the <^^| 
axis of the chalk, — and which is no doubt attribntabTew 
a fault. Near Southampton, the Otterboume spring rise- 
close to the point of junction of the basement beds -i 
tie Hampshire tertiaries mtti IV ct9.\k-, 'nhilstnaj 



sonacE OF sopply. Ito 

Jkoiith, the Bprings of Sutton Poyntz and of Upway 
Dronght to fee surface at points where the great 
fiiult traversing that portion of Dorsetshire affects both 
Ibe chalk and the upper oolite. In the districts where 
the carboniferous strata are found, the effects of the 
numerous faults, and croas throws, which intersect the 
coimtry, are even more strongly marked than they are 
in the more recent strata ; and in the portion of the 
West Riding of Yorkshire, near and around Halifax, 
an immense number of springs are ^ven off wherever 
the regular stratification of the beds is interfered with 
by the upheavals which have there so strangely fissured 
and contorted the whole surface of that district. In 
the old red sandstone formation the same phenomena 
may be observed, copious springs are to be found at the 
lines of disturbance so commonly to be met with in 
them. 

311- Deep-seated springs, such as the above, arfl 
naturally more constant in their volume than land 
Bprings, in precisely the same proportion in which 
their supplying strata are more extensive, or of greater 
Btoreage capacity. It is, however, impossible to pre- 
3icate what may be tlie quantity of water permanently 
obtainable from any one of them, unless a careful 
stirvey shall previously have been made for the pur- 
poses of ascertaining the area of the exposed permeable 
stuface likely to affect the supply ; of the relative con- 
ditions of level of the ground, and of the spring aa 
it ilovs naturally; and of the levels of any natural 
ontflows from the water-bearing stratum near the loca- 
lity under examination. But even such an investigation, 
however carefully made, will not dispense with the 
necessity for a consecutive series of gaugings of tha 
ftpiing under all the varying meteorological conditiona 
^^^e localitj. And it is impoitaiA Ueie Vi t^a^cc^* 
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Uut the gwi^gs of • ^nn^ or of a mla c 
msde daring two or three moBtfas on^, arc not S 
to ftunish any reliable data, eepedaiDy in the e 
die BuperScUl 5[ning8 ; becutae as thej are s 
by the niii'&U, it follows that the; most -nrj man^_ 
leBs with the Tamtions of the weather. Unless, then, ' 
observations be extended over sereral rears, indeed 
over the whole cycle of the dimate (in En^and this is 
of abont seventeen years' dnratioti) the indications t 
he derived from gangings over short periods are vt n 
likoly to mislead in ctdculations with respect either i 
the average or to the minimum flow. The period ■ ' 
tlje year when ganginga are taken will materially affc ' 
the correctness of the observations, if only a few isolnteii 
ones can be taken ; because not only does the rainfall 
vnry with the seasons, but it has also been ascertainei! 
that the springs of any depth are affected at an inlervnl 
of from one to five months from the period of greatf^i 
rain-fall, according to the nntm-e of the ground. A^ 
the greatest quantity of rain falls in north-westen: 
Enrope during the later autumnal and winter montl)? 
it appears, that if it be necessary to confine the prnc 
tical observations upon the volume of a spring witliiii 
Kyery short periods, the most advisable course is ii' 
■•jQfJte them during the months of September and 0- 
tober; for generally speaMng the springs are tliu 
lowest at that period. Even if made in those monthsi 
such isolated observations are, however, very likely to 
be fallacious; and, as was said before, unless they 
extend over the whole cycle, the yield may occaaionsOy 
fall short of the quantity calculated upon in A veny 
serious manner. Nevertheless a very imperfect setiaa 
of gaugings, combined with a careful surface geolo^eal 
survey, will fui-nish indications of BufScient exactitode 
to proront the absurd outlay 'Nbich has sometiraeB h 
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iuciiiTed in bjx empirical attempt to pump dry spring 
of this nature. It 13 positively a. fact that latterlyj 
under the advice of one of the Inspectors of the Genecat 
Board of Health, an attempt was made to pump dry 
CDS of the most copious of the deep-seated BpringS 
mentioned above. 

213. For the purposes of a town supply, then, springs 
can only be resorted to when their volume Ib knownr 
(0 be constantly in excess of the maximum demand tof 
which they are likely to be exposed ; and at all times 
their pathological effects must be carefully studied. 
Under favourable circumstances they furnish an inva- 
luable resource, especially as their waters are almost 
always characterised by an equahty of temperature, 1 
condition ao essential in a water intended for drinking 
purposes. But it is rare to discover deep-seated spring 
of a volume sufficient for the supply of a town, and Ji 
then becomes necessary to sink wells, or to adopt S' 
other means of supply. 



213. "Wella may he either shallow, deep, or Artesian. 
Shallow and deep wells are those which are sunk 
through a permeable stratum, and form as it were 
resei-voirs into which the land springs may filter and 
Bccumulate ; whilst the Artesian weUs are those which 
are sunk through an impervious upper sti-atum, to- 
reach a subterranean water-bearing stratum lying ui 
its turn upon an impervious upholding bed. In ths 
former cases, the quantity of water obtainable is simply 
that which can filter tlirough the sides of the well to 
replace the water removed, or which may accumulate 
in any reservoir formed below ; whilst iil the latter 
case the quantity obtainable will depend simply upon the 
r of the water-bearing stratum, to tiKa'&iaA-^ftKKt. 
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&14. In the case of shallow wells the attft ! 
mtributing strata is usually very limited, totm 
be coufined to the portions which are able Vlfi 
towards the well. These portions are, in ilfU 
prised within a reversed cone, whose apes i^J|jH 
of the well, and whose horizontal base maj"^^! 
ing to the greater or lesser permeability ot^^| 
Heelf. In sands and gravels the diameter ^jj 
becomes practically infinite, but the mere nedfl 
interposing an almost soEd wall to prevent tboea 
'into, and filling up the well, creates a resaidi^l 
influx of water. In the permeable, or ^Ji^^^l 
iaiy or tertiary series the lateral Sow <j^^H 
Tell does not take place with the samc^^^l 
4oeB in the lighter superficial depoeita ji^^H 
above cited law as to the form of the coM^^H 
may be more distinctly observed in them ^^^| 
or sand. No general law can be said tj^^H 
the rate of tlie transmission of water, ^^^| 
cases wherein it is advisable to resort to ^^^| 
it will be advisable also to establish a aeS^^I 
vations upon the rate at which similar^^H 
game formation are refilled, after being ^^^H 
Sut the most important observation to ^^^| 
respect to shallow wells is that, when for^^^| 
ibej are especially liable to be affected ln^^| 
tion iirom drains, sewers, or cesspoolB, j^^| 
take up the nitrates which we have before .^^H 
'193) constitute the most objectionable i^^^| 
be found in a water intended for human. ^^H 
To such an extent, it may be advisable It^^H 
are shallow wells in towns exposed to l^^H 
taminated, tiiat many able observers have ll^^| 
that their use should be strictly forbidden ^^H 
i'e/es eairusted with the caie of the pgflfl 



t it ia not yet satisfactorily proved that, although 

;ationably the waters of shallow wells are often 

I, and may be often dangerous, the presence of the 

tits of nitre is so decidedly fatal, as to justify the 

^lect of a source of supply which, iu Loudon espe- 

lly, yields a very agreeable water. There has been, 

this matter, somewhat of the hasty dogmatism 

Uch characterises modem official science ; but unfor- 

stately the public is little able to discriminate the 

Blue of the opinions uttered by such authorities as 

tose now alluded to. HoweTer this may be, it must 

iridently be important that the wells sunk in populous 

istncta should he protected from any deinger of con- 

'ination by the infiltration from sewers or cesspools ; 

ijBd the extent to which this danger may exteud must 

lend upon the permeability of the water-beariug 

jatnm itself. 

► In the case of deep-seated wells, the probable yield 

I vater must depend primaiily upon the area of per- 

»ble Btrata, likely to affect the supply, and upon the 

ilitiea those strata may offer for the passage of water ; 

tod secondly upon the rate o£ consumption Vhich 

B place in the neighbourhood, for the quantity of 

r which any particular stratum can supply is only 

b limited quantity, so that evidently, if tlie water be 

1 at one point, no more will remain for the other. 

mis also essential to observe, in these matters, that 

Ire ia at present no legal mode of creating a vested 

bt to underground waters ; and that, therefore, if 

I authorities of the town should resort to a deep 

led well, there is no legal guoi'antee to protect them 

I Uie interception of their waters by any person 

» may choose to sink a well near to them. Diffl- 

lUes of this description liave actiially arisen, and to 

[ one striking case it may Buffiice \iO -ttiei Vs ^fea 
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celebrated aotioa recorded in Gale on Easements, 
between Acton and Blundell, {p. 181, ed. 1849), wbiuli 
aa strangely illustratea the ignorance even of the niu^; 
leai'ned judges, in questions a£fecting natural laws, ;i.^ 
it does the abstract justice of tlie principles the old 
E,oman, or the civil, law was founded upon. But the 
most remarkable illustration of the effect which may 
be produced even in a comparatively large water-bearing 
stratum by pumping on a large 6cale, is to be found in 
the fact, that the water line of the chalk formation 
under London has been, according to the observations 
of engineers and geologists, permanently lowered to 
the extent of 50 or 60 feet below Trinity high-water 
mark ; and it is even stated that the level of the water 
in the wells near the summit for this formation rises or! 
the Monday morning, in consequence of the ceasatici! 
of pmnping in London during the Sundays. But witU 
respect to the particular formation thus referred to, it 
must be observed that the subterranean disturbances 
to which it has been exposed have introduced some 
peculiar conditions in the flow of the water it contains, 
whereby the wells on the south west of London are • 
protected from the effect of the great abstraction of 
water in tlie metropolis. There is, in fact, a line of 1 
upheaval which traverses the valley of the Thames 
fi.'om east to west; and oDe, if not more lines of 
upheaval running from north to south ; so that tbi; 
passage of the underground waters is intercepted, aod 
the level of the water in the chalk wells of north 
Kent is considerably above the level observable in tlie 
wells of Middlesex. These observations can hardly 
be followed up to their full extent in the present 
treatise ; but they show how wide must be the range 
of study of those entrusted with the execution of « 
Bupply, and how necessary it is to trace, not ouljL— 






Apparent, but llie hidden causes which are likeljr« 
■ affect the desired results. The result of thtf 
pumping operations at Liverpool might also be referred 
to as illustrating the conditions affecting deep wells. 

215. If, however, it should have been ascertained^ 
that no geological disturbance of the water-bearing 
itratum (in which it is proposed to sink the supposed' 
well) exists, the yield of that well may approximately 
be calculated, as was before stated, by observing the 
urea, and the elevation of the district situated above the 
irater line, and the rate at which adehnite quantity of 
water may pass through the rock. Insome formationi 
not only does the water End its way through the 
body of the deposit by a uniform permeation, but i& 
:ollects in lai'ge sheets, or streams, iu the cross fissures 
jo often met with in stratified deposits ; and when 
this is the case, the rate of supply may, and in all 
probability wiU, be increased ; but at the same time 
there will be a greater risk from an accidental inter- 
wption of the stream. The flow of sucli underground- 
itreama will naturally be aft'ected by the hjdrostatio 
pressure, or head, under which they exist, and veryi 
iften that head may be such as even to cause the. 
irater flowing into a deep-seated well on a low level, to 
386 above the sm-face of the ground, and thus to pro- 
luce the appe.arance of a ti'ue Artesian welh It i 
lopposed that the principal wells and springs of tha 
ihalk are suppUed by fissures of this description, 
lertainly the passage of water through that material 
loes not take place with sufficient rapidity to account' 
or the large quantities obtainable Irom those wella. 
Che Bame law appears to hold with the oolites, the neW' 
md the old red sandstones, and it is on this aocounti 
hat the abstract theoretical reasoning, with respect to- 
^^ow of water in an underground well, ma^ be 
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strangely belied by the actual results obtained. After 
ttU, well sinkiiig is but an empirical art; and nothic;: 
but a practical experiment can solve the real capabilitic - 
of any particular work of that description. 

216. It is necessary to observe the precautions 
before recommended in order to guard against iu&l- 
trations from drains or cesspools, in the case of deep- 
seated wells, just as it is necessary to observe them is 
the case of shallow ones. Moreover, as the water JB 
deep wells remains for a comparatively long time in 
contact with the masonry lining, the latter must be 
carefully executed of such materials as are not likely !■ 
affect the quality of the water, and as far as poBsible :i 
is desirable to ensm'e a rapid renewal of the fluid whiuli 
stands in the bottom of the well, in order to obviate 
any inconvenience arising from its stagnation. Snrfuu 
drainage must be carefully excluded ; and it certainly 
is advisable to cover the top of the well, in order to 
protect the water from light, or atraospherio imputiliee. 

217. Artesian wells are those in which the wateiis 
obtained by means of an excavation, or a boring, car- 
ried through an impermeable surface stratum, lyingi 
upon a permeable water-bearing stratum ; which 
turn lies upon an impermeable one, and outcrops 
level BO much above that of the surface of the gra 
near the well as to cause the water in the intermec 
bed to flow over the said surface. Artesian wells 
form, as it were, artificial outlets for the waters con- 
tained in the lower parts of the basin, and the water 
line in them will therefore depend upon the hydrostii 
tical pressure existing upon the water in the lowfi 
parts; or in other words, upon the head produced L; 
the level of the supplying ground. The conditioi!-- 
of success in an Artesian boring depend upon the per- 

fection anA regularity of, the basin filled by the wal^ 



lug stratam, bo lar as the mere reteotloii of t 
r in the latter is concerned ; and apon the level ( 
IstreamB flowing upon the surface of Uie i 
Dg stratnni, bo far as the height of the water-I 
loncerned. In fact, the quantity of water to i 
obtained from an Artesian well must be regulated b 
the area of outcrops of the water-bearing atrattim ; an 
that this quantity is far from being aolimited is prore* 
by what has occuiTed at London, Toars, M'I«t), , 
elsewhere, when a great number of wells have bees 
sunk into a water-bearing stratum of small c^ucitj. 
Cut there are several curious physical conditions con- 
nected with the subterranean disturbances to which «] 
strata are exposed, which are able occaaiooall^ i 
falsify any theoretical reasoning with respect to th 
yield of wells of this description. Thus in the valla 
of the Loire, several successful works hare bM 
executed, wherein the average depth of the wells w« 
about 500 feet; whilst in one case the boring was 4 
continued, after having been carried tliroagb 
ordinary water-bearing stratum to a depth of 02( 
feet : and in a second case after having been carried 
to a depth of 454 feet, without meeting with a Bn\tplfi 
The celebrated well of Grenelle yields about Hi)n,DOi 
gallons per day, from a depth of 1802 feet, the nqpph 
coming from the lower green-Band, which u tJjei 
found to be intercalated in the regular geolocpiM 
order between the gault clay, and some lower impt 
meable stratum. But at Calais, an Arteiiiaii Ijt^n 
1150 feet deep, was carried through th« chnlic anil (hi 
upper members of the subcretaceous miricii, nitd Uti 
off in one of the members of tlie riarbofilfvrMtf 
deposits. At Highgate something of th« Mm* Uiiti 
occurred, for after passing through Uio gauU cUy iJtf 
JtaBug was carried into a serien of cUjk uvU 1 
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^'fltone, which appears to belong to the new red sail 

Btone division of rocks ; and later still, at Harwl[ 
the boring, after paseing the gault, entered at once 9 
the eai'lier state roclfs. At Chichester a boring 
1054 feet in depth, was carried into the upper grJ 
sand, but no water was obtained ; and at Southam|l 
the boring was discontinued at a depth of 1317 J 
from the surface (being still in the chalk) wmfl 
having obtained a supply of water. In the cases an 
cited of Highgate, Harwich, and Calais, it vm 
appear that the continuity of the water-bearing n 
turn has been interrupted by the projection of sJ 
isolated patches of an older formation, an aocifl 
which it would be impossible to foresee ; and it ther« 
must always be observed, that the science of Geofl 
may furnish safe data for reasoning as to what we I 
not find in any particular position, whUst it by no m« 
can assure the inquirer -as to what he will find. I 
318. It is quite as impossible to predicate 1 
quantity of water to be obtained firom an Axten 
well, as it is to predicate the success of the attempfl 
find water by that means. Even under the nl 
favourable circumstances these wells do not yield « 
large quantities of water ; and the GreneUe well will 
as was said above (s. 217), pours forth 800,000 giiQl 
per day, when the pipes are clear, (for it is necesa 
to remark, that occasionally they become choked 
amongst the most successful operations of this d 
upon record. But in consequence of the increasl 
temperature in proportion to the depth of a welU 
excavation, another serious objection arises to ■ 
class of wells, viz., that if the water-bearing stna 
should descend to any great depth, the water it I 
yield will rise at an inconvenient temperature. 9 
^^h^sicaJ laws affecting this matter, are as follows :-l 



219. The temperjiture of tlie ground is affected by 
the stiite of the atmosphere to a certain distance 
from the surface, where that temperatm'e becomes 
constant ; and beyond this point it increases according 
to a law susceptible of modification by local circum- 
stances. It is said that in Scotland the rate of 
increase of temperature, after the permanent degree 
has been attained, ia about 1° of Fahrenheit for every 
48 feet of descent. M. Walferdin found that the 
rate of increase at Paris was 1° Centigrade for 30"87 
of descent, or l^'S Fahrenheit for every 102 feet 10^ 
inches ; and M. de Girardin found that at Rouen it 
was, in one case, about 1 "8 for every 67 feet 4 
inches, and 1°'8 for every 100 feet of descent in 
another. Sotne accurate experiments made at the 
well of Grenelle showed, that the increase of tem- 
perature there was with remarkable regulaiity 1°'8 
for every 106 feet of descent below the point of con- 
stant temperature, which ia about !)3 feet & inches 
from the surface of the ground at the Observatory of 
Paris, and marks a little above 53° Fahrenheit. This 
would give a minimum rate of increase, in the more 
recent secondary and tertiary districts of North 
Western Europe, of about 1° Fahr. to every 59 or flO 
feet in descent, though of coui'se local circumstances 
may especially affect the temperature of underground 
waters. For instance, the Rprings which supply the 
King's bath, at Bath, rise at a temperatui'e of 117°; 
and the wonderful spring of Orense, in Gallicia, rises 
at a temperature of not less than 180°. But even if 
no abnormal cause should be at work to raise the 
temperature of the water, the latter wiU necessarily be 
regulated by the relation above stated to exist between 
the distance from the surface from whence the spring 
and the internal temnerature o£ tiit ^o\ie. .^L 
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L mVERS AND THEm APPLICATION TO TOWN 8UPPLTE 
, 220, It would thus appear tliat, in order to meet tli. 
Kiuii'emeuts of a lai'ge agglomerated population, th< 
most infallible natural source of supply is to be fouui 
in rivers, though there are, unquestionably, many sericn: 
objections to them. Thus it almost always happens tLn' 
they receive the di'aiuage waters from cultivated lauJ- 
and inhabited districts ; and the daily spreading habit iv 
making their beds serve as the outfall for town sewera^' 
tends seriously to increase this evil. Indeed it woul'. 
be impossible to cite an instance in which so mii<'' 
mischief has been produced by injudicious attempts i ■ 
enforce prematurely what would otherwise be a gi'cai 
social benefit, as the one which is to be met with in th^ 
syatematic pollution of the rivers and water 
by the towns which acted under the advice and coi 
of the late General Board of Health. In Knglani 
late years, it is positively the fact that a body of men 
were specially appointed for the purpose of protec 
the public interests against local selfishness or locsl 
ignorance, have tolerated, if even many of its leading 
oflicers did not actually advise, that tovra sewerag' 
rendered more than usually offensive by the univers; 
adoption of the water-closet, should be cast into tlj 
upper portions of the courses of rivers, resorted to b, 
dwellers lower down on their banks for the wat- 
required for domestic purposes, 

aai. In rivers which ate likely to be affected by 
tidal action, there is another source of danger from 
transmission of the salts contained in the sea wal 
and it is to be observed, that in consequence 
minute diffusion of those salts their presence 
occasionally be detected even in the parts of a 
situated above the point where the mechanical 
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of the tide ceases to mfluence the level of the sti'e&ia> 
Thi^. in some seasons the muriate of soda has been 
foaad to exist in perceptible quantities in tlie waters of 
the Thames at Kingston, even though the lock at Ted- 
dington intercepts the upward progress of the tidal wave ; 
and certainlythe water of that river opposite to Chelsea 
bears strong evidence of the influence of the sea water 
upon its chemical composition. It will, therefore, be 
necessaiyto draw the waters intended to be distributed 
in any large town from a river, only from those parts 
of its hydro gi-aphical basin which ai'e above the range 
of the tide ; unless the volume of fresh water, and its 
velocity, should he such as effectually to overpower the 
tendency of the sea water to flow inland. Even in the 
latter case it will be found advisable to place the imme- 
diate source of supply upon the portions of the stream 
wherein the upland waters are able to mauitain a 
counter-current to the flood tide, as they will certainly 
be fresher and purer than those of the mid-stream; 
pi-ovided always, that no local sources of impurity should 
exiEt. Indeed the influence of local causes of dis- 
turbance is sufficiently great to render extreme caution 
necessary, either in rejecting or adopting a source of 
water supply from a river ; and it is worthy of remaik 
that the practical pathological effects of even a shghtly 
brackish water are not by any means so dangerous to 
the populations constantly using them as they have 
been said to be, or as they unquestionably are to 
strangers using them for the first time. Thus, the 
brackish waters of the Maaa are constantly used by the 
inhabitants of Eotterdara, after simply undergoing a 
mechanical filtration ; and, although they have a 
decidedly marked diuretic action upon strangers, they 
do not so affect the inhabitants of the town, in ordinary 
tons at least. It appears, in factt ^^^ ^<^ ^"'^'^^'^^ 
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cQQstitntiou can adapt itself to many extraordinuiy 
circumstances ; but evidently it is not desirable to ta\ 
its capabilities of this description, or to use an inferiui 
water instead of a better one, if the latter can, by auj 

k reason able outlay, be obtained. 
222- Even the best, and chemically purest, 
waters are so disposed to receive, and carry forwd 
the light earths over which their contributing strefl 
have flowed, especially during the tainy season, tl 
becomes almost always necessary to adopt precautifl 
for the purpose of securing the deposition, or \ 
separation, of the solid matters they may hold in 
pension. In ahnost all cases, therefore, subsiu 
reservoirs, or filtering beds, are essential parts of 1 
works for the distribution of river waters ; and, as tl 
are equally necessary when the water to be supplied 
derived fi'oin the collection of surface drainage, i 
following remarks must be considered to apply to butii 
sources of supply, although of course the applicabilit; 
of any particular system of filtration will 
greatly upon local considerations of efficiency,^ 
economy. 

233. When the rivers from which the supply i 
be derived are much charged with suspended matti 
it is necessary to consti-uot both subsiding and filtedl 
reservoirs. The dimensions of the former must dep< 
upon the state of mechanical division of the extr 
matters, and upon their specific gravities; for evidel 
the finer and lighter they are, the longer time wUl H 
require to separate themselves from the water. A t 
absence of current, or of agitation, is an essential o 
dition for the efficient action of a settling reserrcd 
and in order to attain both that absence, and the pei 
separation of the suspended raat'*rs, it appears to I 
adnsable to make the reservoirs of sa£ficient c 
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siuiis to hold the maximum supply to be provided for( 
tiiree days' consiuuption. The dimensions of the settUng 
jeservoirs of the New River Company were larger than 
<hose which would have heen required in accordance 
"Tcith this rule ; yet the waters leaving them were, at 
certain seasons of the year, notably impure. It appears, 
"therefore, that river waters, especially when they flow 
over soluble or easily disiategrated soila, or oyer lands 
covered with vegetation, nattu'al or artificial, cannot 
]iart with their extraneous matters by the mere deposi- 
tion which takes place witliiu the time practically 
Bttainable ; and cei-tainly, ia the case of the New J 
lEUver above referred to, the mechanical deposition i 
effected in the reservoirs was not sufficient to ensure 
4he absence of organic impurity which ought to charac- 
terise the water supply for a large town. In such cases 
:£ltiatioa is indispensable, nor can the result of the 
experiment recently ti-ied at the Woolwich and Plum- I 
etead Works be considered to invalidate this opiniou, 
or to prove that auy chemical action applied in a settling 
reservoir would be capable of purifying the waters to 
the necessary degree. The fact is, that the nature of 
the extraneous impurities in a water, whether taken up 
dui'ing its flow over the surface, or during its passage I 
through the ground, is exposed to such strange vaxia- 
lions, that the mode of chemical treatment would require 
to he varied almost day by day; and, moreover, the cost 
of such a system would be enormous, if carried out on 
B large scale, and in an eflicient manner. Practically, 
then, the only ^mode of purifying waters, containing 
matters in a flue state of mechanical subdivision, is to 
pass them tlirongh certain porous substances which 
should be able to arrest those matters. 

aSi. In filtration the action of the intercepting mate- 
lai^may be either chemical, or purely Q:i.ec\iKoi>:,^','S:>'^'l 
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the expense of cariying into effect any such chemicsl 
action is so great that it uever can be applied to !];■ 
large quantities of water required for a town supi .; 
Hitherto no ingredient has been discovered wlil 
possesses the same powers for removing the org;(: 
impuiities of a water as those of animal charcoal; iji 
as it is neceBsary that the water to be filtered throii;. 
it should previously have been cleared from the grosr 
particles in suspension, by being passed througl' 
coarser description of filter, and that subsequently v 
water should again pass through some other fUtci; 
medium, in order to ensm-e its freedom from n' 
particles of charcoal, we may safely consider thai . 
complicated a process cannot be applied other"! 
than for personal or domestic purposes. Indeed, 
supply taken from the more perfect mechanical fillcj 
with as great rapidity as the latter can yield tli>:L; 
will in almost every case satisfy, not only the pub;. 
demands, but also the real exigencies of the case. 

225. There are several kinds of mechanical filtc' 
of which the systems adopted by Mr. Thorn at Paisli ■ 
by the engineers of the various London water-woT i 
by the engineers of the Toulouse and Notlinghn: 
works, and that of the use of filtering slabs whetl". 
natural or artificial, are the most important.- Of tbf 
the system adopted at Toulouse and Nottingham is U' 
most economical, when the bed of the river is suitiil . 
for its application. It consists in the formation 
filter tunnels or drains in the sands upon the hanks ■ 
the stream; and the water which finds its way iu^ 
these drains becomes purified by the detention of :i 
adventitious matters in the bed of the river from whii 
it is washed away by the action of the stream. I 
however, the river should carry down much clay, tL'-. . 
tunnels would become choked in a very short toMM 
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and again, if the sands flhould contain any salts of iroDil 
lime, sulphur, or nitre, the waters will be affected by" 
them. It rarely happens, indeed, that rivers flow over 
beds of pure sihcious sand ; and even when this is the 
case, the objections urged by Dr. Clark against the 
general appKcation of this system are still vaUd, That 
gentleman noticed that near Glasgow, where many of 
these natural filters are in use, springs often rise into 
them from below, and bring in waters of a different 
quality from that of the river itself. The level of the 
tunnels being fixed, whilst that of the water varies 
BOGordiug to the state of the river, the rate of filtration 
must vary also ; so that in summer, when the con- 
Eumption of water would be the greatest, the yield 
would in all probability be the least. These filter 
tunnels must abo be exceedingly difficult to clean on 
ftccount of the very nature of the materials of which 
tboy are formed / and their application must for the 
above reasons be confined to the localities which pre- 
sent the peculiai- geological characteristics above shown 
to be requisite. At Nottingham, the system is said to 
answer well after many years' experience; at Toulouse 
itB working has been fai' from satisfactory, especially in ^ 
the case of the tunnels formed near the bed of the river, ^| 
for in them a pecuUar vegetation of aquatic plants was ^| 
developed. At Perth a natural filter of the kind above ^^ 
described has snfliced for the supply of the town ; and 
both at Lyons and at Tours the same system has been 
adopted. When the sands and gravels of the bed are ^ 
of a nature fitted for the formation of the drains, it ^| 
Appears that the yield of water ranges between 300 ^M 
and 400 gallons per foot superficial per working day of ^B 

(ity-four hours. 

'2G. The filter described by Mr. Thom as having 
beej^xecuted by himself at Paisley, a-p'peai&Vo ■^Q'&f.ft** J 
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Some theoretical advantages <Jver those offered hji 
other methods of artificial filtration ; inasmnon 
from the fact that the last stratum of the filte 
medium traversed is composed of a mixture of I 
and charcoal, the effect it produces must be to a cei 
extent chemical as well as mechanical. This system ' 
may be described as follows, nearly in the words of ' 
Mr. Thorn : " The site of the filters is on a level piK. 
of ground excavated to the depth of from 6 to 8 leti 
with impermeable retaining walls and bottom. TL 
whole of the surface of the latter is then divided iiii' 
drains 1 foot wide by 5 inches deep, by means of fi: 
bricks laid on edge and covered with flat tUes, perK 
rated with numerous small holes like those used in tl: 
floors of malt-kilns. These tiles are covered to ti; 
depth of 1 inch with clean gravel, about t%- of an iiul' 
in diameter; and upon this five other layers of grav.i 
each of the same deptlt, but gradually diminiBhing i: 
its dimensions until the last layer almost assumes tb ' 
character of coarse sand, are laid. Over the gravL. 
yery clean, sharp, fine sand, 2 feet deep, is placed ; fn^ 
about 6 or 8 inches in thickness of this sand, near iL. ^ 
top, is mixed with animal charcoal." Mr. Thom im^ 
latterly tried to substitute the pounded amygd&ltd^H 
rocks which occur in the neighbourhood of Paisleyj^^f 
the charcoal, and it is said with considerable Eucce8B,^|H 
the amygdaloids are stated to be capable of removingl 
&om the waters traces of peat in a manner nearly at I 
effectual as if charcoal had been used. The esplaDn- 
tion of this action is to be found in the affinity betwi. ■ i 
the sihcate of alumina and the vegetable and aniin ■ 
matters in combination with the water, which has bf i : 
shown by Professor Way to be of a very poweii: . 
nature; but no experiments of a trustworthy natu; 
apon the application. o£ theae chemically acting filte 
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ngretUents have yet been tried, upon a large scale at 
eAst; and certainly the difficulties which have been 
■ncountered in the attempts to remove the peat stains 
'toia the Rivingtoa Piie waters of Liverpool ought to 
Dspii'e some doubt with respect to the confident asser- 
ions of the propounders of theories upon the disinfect- 
ng powers of the amygdaloids or of the clays. 

227. The system generally adopted by English en- 
pneers for town filtration comprehends the formation 
)f settling reservoirs as almost indispensable adjuncts ; 
jut evidently the necessity for such worts must depend 
ipon the character of the river itself from which the 
^ter is derived. In the case of the Kent Water-worka 
Company's establishment the setthng reservoirs have 
leeii executed upon perhaps the largest scale of any of 
diose around London ; and this pecuHarity may be 
Wconnted for by the fact that the Ravensboume, from 
itrhieh the supply is taken, flowing as it does over a 
ight and easily moved soil, is frequently churged with 
) large proportion of extraneous matters. The area of 
die settling reservoirs of this Company is about 4j 
leres, ■whilst that of the filter beds themselves is about 
3 acres; and the maximum rate of filtration is about" 
1,000,000 gallons per acre per day. Theoretically, and 
iD districts of this character, the size of the subsiding 
reservoirs should be such as to allow of their holding 
) supply equal to four days' consumption ; and, as a 
ffeneral rule, their depth is made about 1.3 or 14 feet. 
In the execution of these reservoirs precantions must 
be taken to prevent any injurious action upon the 
ivater ; and the practice of the London engineers of 
rorming the exposed slope of good gravel may be 
quoted as a very reasonable one. The filter beds 
should be placed as near to the settling reservoii-s as 
s of the most salvsfcttWrj -wot^ 
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of this deacription may be described as follows, near'; 
in the words of Mr. Quick : " The filtering matGri;i! 
consist usually of a layer of coarse gravel about 1 l'"' 
deep, in which are placed glazed stoneware draiiis 
this is covered with a stratum of rough screened gravJ 
about 9 inches deep ; then with a stratum of finer 
gravel 6 inches deep ; then with a stratum of still finer i 
gravel 9 inches deep; over these strata of gravell 
series of beds of sand gradually finer and finer in J 
texture are placed, having a total thickness of a 

3 feet 6 inches ; thus making the total depth i 

filtering materials between 6 and 7 feet." The fl 

of the Lambeth, Chelsea, Southwark, and West ] 

dlesex Companies are formed in this manner, and! 

are usually worked with a small head of water;] 

occasionally, as at the Kent water-works, the i 

neas of the filtering materials is reduced to as litti 

4 feet 6 inches, whilst the working head of watd 
made i feet, instead of 2 feet as usual. Practicslfl 
gineers differ in their opinions as to the merits c 
respective systems ; but the experiments of M. I 
prove that for filtering materials of the same n 
the rapidity vrith which the water passes willbep 
tional to the head of water producing presaureJ 
that therefore tliere is a greater chance of eflieC 
filtration when the depth of the sand, &c. is inci 
Moreover, as waters tend to purify themselves b« 
oxidation which takes place when they are ( 
over large surfaces of small depths, their quality i 
liliewise be more likely to be improved when the 1 
upon the filter is small. The degree of purity o 
water under consideration will, however, modlfyl 
abstract reasoning upon this subject. 

S28. At Southampton a very awkward attempt 
beea made to apply a s^B^^m ol ■a\t<i\i.Mucal filtr 
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t if it had been properly exited, might adTAn- 
Bly have replaced the more costly acd more 
Bsystems usually adopted. It consisted in the i 
J B layer of Ransome's artificial filtering slabs 
Kwere placed, 9, a layer of gravel, and, 3, a layer 
d; the water passing through these materials 
icensum. This arrangement was precisely the 
B of the one which shoald have existed, because 
By was it absurd to make the foulest water pass 
e throngh the filtering medium the most difficult 
L, but it was a mistake to leave the filtered water 
Reposed in the manner here adopted. It must always 
be home in mind that a filtering medium becomes 
choked with a rapidity greater in the exact proportion 
of its power of retaining mechanical impurities ; and 
that, therefore, the surface most exposed to those 
purities must be easily visited and cleaned. Had the 
trater at Southampton passed through the sand and 
gravel before passing through the filter slabs, and had 
it been withdi-awn from beneath the latter, instead of 
being allowed to stand over them, there can be no 
ioubt but that the quality of the waters would have 
been improved, and that the working of the filters 
(rould have been less exposed to danger. The prac- 
tical result of the experiment at Southampton has been, 
bowever, to prove that with a working head of 4 feet, 
Ehe Ransome's slabs, covered with 9 inches of sand, and 
i inches of gravel gradually increasing in coarseneaa, 
ire able to yield as much as 100 gallons per foot super- 
ficial per day. The yield of tlie ordinary London filters 
varies between 40 and 50 gallons per foot superficial 
:■ L- L-lay; so that the Ransome's filters would produce nn 
iiiomy not only of depth, but of area, of excavation. 
•i-z-i. Of late years there has been a tendency on the 
^B of the engineers connected wiVVi 'E.'o^^"^**. 
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Torka Companies to Buppress the storeage reservoii 
into which filtered waters were passed, and to tiu- 
entirely to the powers of machinery to. meet the \nv\ 
ing demands of a town consumption. Thus, tl, 
Kent Water-works and the East London Water-woi :. 
Companies have materially diminished their storpii;: 
capacity. The majority of the London Corapaiiii. . 
however, have recently incurred very serious outlay in 
the construction of these huildings ; and by recent 
parliamentary enactments it has been provided thai 
they shall be covered. A great deal of skill has been 
displayed in the manner in which the various Cot:; 
panics have solved the problem thus set before then 
but really no great advance has been made upon !';■ 
systems adopted by the Roman or Byzantine engineti- 
allowing of course for the differences between the nu 
eient and the modern modes of distiibution, and !■ 
the different states of the metallurgic arts in the anoii !. 
and modem worlds. The Beservoirs at Puteoli itni 
at Constantinople, represented in Plates 1 and 2, nmj' 
indeed fairly be considered to have served as models 
for the New Biver, or the Plumstead, reservoirs; and , 
the only material difference to be found between the 
Boman and the English structures is the one con- 
nected with the depth of water. In fact, the ancient 
engineers used their reservoirs as stores, and therefirc 
great depth was required to ensure their cubical cap:' 
city; the modem English engineers rarely use tb' ■ 
reservoirs for any other purpose than to comp( 
for the irregulai-ity in the action of their pumping 
chinery, or to guard against any temporary accidi 
and as they usually make the supply mains coi 
nicate with the reservoirs, it is essential that the 
of water in the latter should oi)ly vary within a 
'ted range. A deplb of 'Kater of about 14 
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K outlet is considered to be the maximum 
is advisable to adopt, especially when what is 
le constant service is used. Local conaidera- 
Icconomy must regulate the choice of the mate- 
be employed ; but it is esBential, under any 
EUices, that no materials should be admitted 
)uld be likely to produce any chemical action 
B waters exposed to them. Thus at Paris, 
lall reservoirs have been entirely formed in 
1 lime concrete, but if the waters to bo kept 
Btmctures should themselves contain an excess 
ic acid, they would take up so much lime as to 
ly increase in hardness. It is for this reason that 
Sdstones, the hard-burnt bricks, and the argiUo- 
'eous cements are almost exclusively used in the 
motion of reservoirs ; and it would even appeal- 
there ai-e objections to covering such structures 
(Fooden roofs. The essential conditions to be 
red in tlie formation of reservoirs, especially near 
, are in fact, that the temperature and the me- 
sal and chemical purity of the water should not 
,ble to be affected by accidental or adventitious 
istauces ; and therefore the materials of which 
re formed must be insoluble and non-conducting, 
reservoirs are usually formed in country districts 
gland, at the rate of about £600 per million 
i stored ; but the cost of the covered reservoir 
1 lately at Croydon, under the supervision of 
Beers of the late General Board of Health, was 
IB than i4000 per million gallons. 

It may be necessary here to state that, in many 
where tiie water for a town supply is pumped 
y into the distributing mains, a storage reservoir 
. formed to receive the excess of water beyond 
lich is drawn off for houBeho\[\ i[i\irEiOT,e.?,, TLW's.t. 
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"iBBervoiTB become, in fact, regulating reservoirs; Im 
tteir use is to store a sufficient supply for the period 
when the engines are not at work, and to provide 
against any minor accidents. The piincipal danger 

attending this system of direct pumping, arises from 
the frequent hydraulic shocks to which the mains must 
be exposed, from the opening and shutting of tlip 
house services ; but this danger may be obviated tn ;■ 
great extent by laying secondary mains, called lidii' 
near the leading ones, and by connecting the hoii-i 
services with the riders. Especial precautions niii^: 
be taken to ensure the regularity of the flow of ll" 
water as it leaves the air-vessel of the pumping engirt 
In spite of all such precautions, however, the flow ■' 
the water in the upper portions of the mains mu-' 
always be exposed to lluctuations of a very irregiUsi 
nature ; especially when the pipes are always under 
charge, and the consumption takes place directly ftom 
them, on what is called the constant delivery syat^m 
In some of the London "Water Works, and at Hmn 
biirgh, Amsterdam, &c., stand pipes have been iisi'' 
for the ijurpose of regulating the flow of the vinU 
pumped into the mains without the intervention ■ 
^Xo service reservoirs; but this course is certainly obji- 
tionable, on the score that when it is adopted all th' 
water must be raised to the maximum height ; wherein 
when the water flows past the riders to the regulatin: 
reservoirs, the pressure npon the mains is partiall 
relieved by the house consumption. The use of staini 
pipes is, indeed, rapidly being abandoned ; tliougli i 
questionably there are positions in which it would I 
more economical to erect them than to form i" 
Jfltorage reservous. 

. When it ia decided that storage : 
' shfill be formed, their divnewsi.oTva miist be regi 
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f the amount of the local coasumption, and 
3I7 by the nature and power of the steam or 
machinery employed. If this machinery should 
ible to interruptions in its action, or if the source 
pply should itself he exposed to irregularities (as 
B case of a tidal rivei', or of one in which freshets 
'}, it is necessary to make the reseiToir of a capacity 
ient to ensui-e the dehvery of water dnriug the 
ds of interruption. Should the cou£garatioii 
e countiy he favourable to the constnujtion of 
structures, they may be made so as to hold about 
days' supply, iu climates like those of the south 
ngland. But from the necessarily expensive 
e of these works, it is rai-ely that they can be 
ited of these dimensions, and in the greatest 
>er of cases it will he found sufficient to make the 
voir of adequate capacity to supply the consump- 
of water during the hom's that the engine may 
e at work, or to enable it to raist; the water by an 
)Ie effort duiing the workuig hours. For this 
jse a storage reserroir, able to hold about ouu 
£r of a maximum day's consumption, will be all 
is usually required. It will, however, be ueces- 
to provide duplicate engines, or at least to have a 
ient number of duplicate parts in constant readi- 
in order to be able to repair any accident at the 
test notice, when the dimensions of the storage 
voir are confined within the above-cited limits, 
true that the supply will, to a certain extent, be 
» to be interrupted; but, on the other hand, 
voira of dimensions so ascertained, could be 
ed easily and economically. 

3. In some French water works, us at Toulouse, 
the old establishment of tho Pont Rouge ueor 
b. tie water is raised into -a tw-ok xAvkCti^ vKasi'i- 
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tely over the engine ; the tank thus semng, 'm 
fact, ns the upper portion of a stand pipe, or as an air 
vessel, to discharge any air raised with the water, and I 
at the same time as a distributiog reservoir. Over 
a water-wheel, such as the wheel at Toulouse, this I 
arrangement may present some advantages, provided, I 
of course, that the machinery itself be not of s ' 
nature exposed to accidents, or to require frequeut 
repfdrs. But unless such a tank con be made of cim 
siderahle dimensions, or unless it be large enougb t^' 
I allow of its acting as a regulating reservoir, it mnet be J 
Bwvident that the mains could only be charged bo long I 
^Ab the machinery is working. \ 

aaa. The following additional practical observations 
may be made with respect to the execution of aenicf 
reservoirs, of whatsoever description they may h-. 
The positions of the inlet and of the outlet pipes mvsi 
be arranged in such wise as to ensure a conetant flon 
through the body of the water in the reservoir ; and 
precautions must be taken to keep hack ojiyimpuritie' 
which might accidentally be introduced, by eitbc: 
forming depositing wells under the inlet pipes, or l;- 
placing gratings, or strainera, over the heads of tin' 
outlet pipes, A valve pipe must be formed, and if 
possible, it would be desirable that^oth the inlet atui 
outlet pipes should pass through iif in order to secui'. 
greater facilities for the examination and repairs of tlv. 
Talves, Overflow pipes, waste wears, or other pru 
visions must be made to regulate the height of iiji 
water; scouring or cleansing pits must be formti' 
and they must have discharge pipes placed at stivh 
points as to allow the whole of the water to be drawa 
ofl' if required ; and means of access to the bottom of 
the reservoir must also be provided. It is essential 
tliat the outlet pipe shoald he \iWced o-t such a level* 
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1 a certain depth of water over the bottoi 
excepting when the scouring pits and their outlets ar 

used. The object of this arrangement is to secure 
more effectual deposition of the mechauical impurities 
o? the waters. 

CONDUIT OR SUPPLY MAIN. 

234. In most cases the water for a town supply hai 
to be led from a considerable distance to the place ( 
distribution, and as this operation may be, and often is, 
effected after filtration, it has been thought advisablfl 
to discuss the mode of effecting the latter procesf 
previously to the examination of the methods usually 
adopted for the execution of the main conduit. These 
methods are naturally dependent upon the character 
of the country over which the water has to be carried, 
and also to some extent upon the nature of the buildinj 
materials at command. They may, however, be i 
conveniently considered tobe ranged underthe followind 
general heads, viz. : open cuts in earthwork, masonry 
aqneducts, and pipe conduits, whether of metal, stone, 
or earthenware. 

235. Open cuts are objectionable when the water has 
already been filtered near the source of supply, because 
there is a probabiHty that the water may contract 
iitmospheric impurities, or at least be affected by the 
temperature of the air. In the neighbourhood of large 
towna the former inconvenience frequently becomes of 
serious importance ; so much so, that in most countries 
the branches of the administration charged with the 
protection of the public health have invariably insisted 
that the water channels should be covered. In the pre- 
rions portions of this work the various formulie adopted 
loT ascertaining the conditions of ffow in open cuts 
imp been alluded to (vol. i. |§ 40 to 40^ ■, \i\A ^fexVa.-^ 
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lay Save troable to state here that the engineerB 4I 
Ehe irrigatioD department of the Madras Beside 
who huve <:L'i-taitily had opportunities of applying ti 
tlieoretiual leasoniug of European hydraulioiaas 01 
very largo scjile, have adopted as the basis of t 
tables fortalculating the velocity and discharge of ct 
or i-nnaici, tlie formula derived from Buat and Nerii 
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^which V = the velocity of feet per 
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(which w= the velocity of feet per second; r = 
di'aulic mean depth ; I — the length of the cut, i 
be total fall, so that (r>i-''.'/i». lo<i G + l-fi 
i ratio of the slope, or incliuatiou of the e 
Captain Stoddard has drawn up an elaborate t 
tables based upon this formula, which might 1 
advantageously be reproduced in England, as they J 
rather more easily applied than the elaborate calcu 
coutaiiied iu Mr. Nenlle's Hydraulic Tables <Wn 
Lond. 1853). The last-named work must, howev^ 
consulted by tliose who are desirous of 
thorouglily the important subject upon which it tl 
Beardmore, in his Practical Tables, how^ 
ffes a simple and very easily applied rule for e 
'ining the velocities and dischai'ges uf ai-terial d 
nts, &c., and lias given the results when the slopesl 
made, as they usually are, in earthwork chaoaeL 
2 base to 1 rise. His rule is, " to multip^ J 
hydi-aulic mean deptlr in feet (which is ascertai 
dividing tlie border into the ai'ea), by twice the £ 
feet per mile ; take the squai'e root of the product! 
multiply it by 55; the result is the mean velot 
the sti'etim in feet per minute ; this agaiu muJ 
by the sectional area iu square feet, gives the disol 
in cubic feet per minute." 
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, In consequence partly of tie difficulty of pro- 
Mmg the water from cout&mioatiou in open cuts, 
nd pordy from the tendency of the stream to wash 
my the banks, it is usual to lead water for town 
applies in masonry channels. The RomanB, wliose 
ractice in this respect may still be advantageously 
tadied by the moderns, seem to have eBtablishcd an 
mle that, wherever it was possible so to do, the lop 
F the masoniy vault should be kept at least S feet 
elow the ground : in order, no doubt, to prevent any 
tjnrious action through the chaugeii of atmospberiu 
tmperature ; and even when the aqueduct was 
tised above the level of the country, it was still 
ivered with 3| feet in thickness of eai-th. So long 
le water is maintained in motion, this protection 
!ems to be sufficient iu the majority of instances, 
fWestem Europe at least; but in the recently con- 
xocted aqueduct of the Croton Water Works, the 
spth of tlie protecting coat has been made 4 feet. 
1 is, however, to be observed, that the dimensions 
r masonry channels are affected by many consider' 
.ions which render the application of strictly logical 
lies to them almost impossible. For, in the first 
lace, they must be made of sufficient size to allow 
le passage of the workmen employed to examine 
ad clean them ; in the second place, the nature of 
le formations traversed, and of the building materials 
nployed, must at times, render necessary corre- 
jonding precautions, or modifications from any ori- 
jjal type. As a general rule, the width of subter- 
Lneous aqueducts is made about i) feet 6 iucheti, 
ith a height, from lloor to underside of key, of 7 
et: but these limits must vary according to the 
lantity of water to be conveyed. If the founda- 
ons should be uatmally good, it ia not weafe^bftx-s Vi 
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ake the masonry of tbe^ floor more tUan from 13 
i 14 inches in thickness ; the side walla should 
B from 1 foot 10 inches, to S feet 3 inches thick ; 
nd the arched covering 14 inches thick at the key, 
E the superincumbent weight should not require a 
[ceater thickness. In the case of the Croton aque- 
luBt, the thickness of the solid masonry which 
Upporta the conduit over valleys, is made somewhat 
treatei- than that of the aqueduct itself imme- 
liiltely below the floor-line, and a slight batter is 
^ven on both sides. The American engineers, in 
act, seem to have used solid masonry foundations 
op their conduit, rather than earthwork embank- 
Qents ; nor did they begin to arch their substructure 
ill its height became at least 20 or 30 feet, mea- 
uring from the valley to the top water-line. Like the 
iomaus, the engineers of New York formed, more- 
ver, a series of wells on the line of their conduit, 
3 allow the deposition of extraneous matters which 
light find their way into the stream : and visiting 
hafts and air funnefe were also placed from distance 
} distance upon the line of its axis. 
837. Masonry conduits, such as are above described, 
ave no doubt some advantages over pipes, amongst 
'Inch may especially be cited the fact, that the earthy 
alts contained in the water, and which are sure to 
6 deposited in course of time, are not so likely to 
Toduce injurious effects upon the conduits as they 
'otdd do upon the pipes. The precipitation of the 
alts takes place, in fact, in the open air, and at an 
Mher period of the flow ; and it must evidently be 
lore easy to cleanse and repair such conduits, 
t»8n it can be to perform the same operation upon 
ipes buried in the ground. On the other hand, it 
5 evident that the construction o^ ?,-msSV 
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conduits is, geDei'ally speaking, more costly i 
would be tlie use of metal pipes large euougl 
uliarge tlie sume volume of water ; so that evenlA 
the choice of the particular uode of condulttf 
depeud almost exclusively upon local cousidei 
for motives of economy may often outweiglh 
deiived from the theoretical advantage above 
» an illuBtcatiou i^ the extent to which the i 
tion of the earthy saltv 
I interfere with and control 
efficient area of a water-C4 
tlte accompanying ekel 
the transverse section 4 
conduit upon the cele] 
aqueduct of the Pont dib 
is added. The poi'tiou a 
of a darker colour, roui 
water- course represent 
deposit of calcareous i 
which has gradually ao 
lat'ed through the precipitation of the salts coiil 
in the water, although great paius had been 1 
originally to ensure its puiity. It was, inde^ 
dread of the deposit from the waters of the Dbj 
which induced M. de Montricher to adopt the in 
conducting them to Marseille, which he final] 
and he was induced 6y the same motive to ca 
that splendid folly the aqueduct of Boquefavof 
the Liverpool Water-works Mr, Hawksley adop 
less showy system of subterranean pipes, 
may be added, is usually followed by En( 
ueers; for, working as they almost always 
commercial companies, they are not often alU 
indulge the fancy for erecting comparatively 
maoameats. 
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18. In the case of the Romans, the choice of the 
modes of leading water from a distant source wat) &r 
more limited than it is in that of modem engineere, 
from the fact, of the inferior state of the metallurgic 
arts in the ancient world, compared with their state 
in modern times ; and even on the score of economy 
tliey were justified in erecting bridge aqueducts, which 
would, at the present day, expose theh" designers to 
severe criticism. In fact, the most serious difficulties 
which are likely to be encountered in the construction 
of conduits, are those arising from the occurrence 
of hills, or of deep valleys, in the line they ought to 
follow. The former, if of considerable elevation, will 
requh'e to be traversed in tunnel ; the latter may he 
passed by bridge aqueducts, or by reversed sixthons, in 
which the water descends from one reservoir tlirougli 
a pipe on one side, to remount to a second reservoir, 
thi'ough the continuation of the pipe, on the other, at 
a somewhat lower level ; from this second reservoir 
the conduit may be continued as before. As a general 
rule, the Romans effected the passage of euch valleys 
by bridges, and the structures of this description 
which they have left behind them, are amongst the 
most stiikingly beautiful relics of ancient art. Many 
of these monuments ai'e of such colossal dimensions, 
and such singular elegance, that it would be unjust 
to mention them subsidiarily; and the reader is. 
therefore, referred to the list of authors, who have 
treated of this special subject, which will be found in 
the Appendix, if he should deske to obtain further 
information on this branch of the subject. On the 
preceding page, however, an elevation and section of 
the celebrated Pont du Gard Aqueduct, is given hi 
connection with the great Solani Aqueduct on the 
.Ganges cnnal, erected by the en^iueers of the 1>|M 
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dia Company, and -with the Hoquefs 

iAqneduct. These works are represented on the sami 
scale, so that it will he easy to draw a comparisoi 
fcetweeu their relative proportions ; but it may 
suffice to direct attention to the fact, that the modern 
work which is eompai'atively speaking, so little known, 
has an area of water-way, not less than eighty times 
that of the celebrated Roman example. The Hoque- 
favour and the Croton Aqueducts are, it may be 
added, the most striking works of this description 
execoted of late years. 

239. The practice of the Roman engineers in th«' 
construction of lofty aqueducts differed somewhat from, 
that of modern engineers, in this respect, that the] 
former resorted to several tiers of arches in casefri 
where the latter would only use one tier. In countries 
exposed to volcanic action, the former system would 
appeal' to be preferable ; but really the determining 
motive in such cases ought to be the economy of con- 
struction, which will be affected by so many local 
considerations that it would be dangerous to lay down 
any invaiiable rules on the subject. But wlienever 
from motives of economy, or on account of the qualities 
of the water, it may be determined to erect masonry 
aqueducts of several tiers of arches, the proportions 
which ought to be observed between their different 
parts would appear to be that the height of the first 
tier should be equal to Sj^ times the opening of the 
arches ; the second tier should be made 4 less than 
the height of the first, and the third tier -j- less than 
the height of the second. la the construction of the 
celebrated aqueduct of Caserta, Vanvitelli neglected 
this sesthetical law, and he made the upper tier loftier 
l^ftn either of the lower ranges of arches, thus entirely ■< 
l^poying the artistic beauty of Vhe-MO^V. l!>'a.'t W "i^« 
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hardly likely that, after the execution of the gtfl 
siphon aqueducts of Liverpool and Glasgow, lofty strM 
tnres of this description should he again erected i ^| 
the successful manner in which the immense I'evei^l 
siphons upon the lioea of water supply of those toifl 
have been laid, appears to prove that there is no loiijfl 
any excuse for incurring the outlay which must att^| 
the erection of monumental structui-es such as wfl 
necessary in the times of tlie ancient Eomans. fl 

34U. The Turkish engineers inti'oduced into tJjH 
European dominions a peculiar system of intemip^| 
reversed siphons, if such an expression may be allowefl 
which it may be worth while to refer to here, M 
account at least of the light it throws upon the lijiiliiB 
of the development of hydraulic science. They v^M 
it is supposed, induced to adopt this peculiar syst^f 
for the purpose of saving, primarily, the outlay reces- 
sary for the construction of masonry bridges; ami, 
secondarily, of diminishing the chances of rupture in 
the eai'theuware pipes of which the siphons were 
formed. The name for the system is " souterazici;" 
and it consists of earthen pipes, deriving their supply 
from an upper resei'voir, thence descending a hill side, 
running along part of a valley, and mounting iutu 
an intermediate reservoir, supported upon piers of 
masonry, at a rather lower level than the first reservoir- 
From this second source of supply pipes were conducted 
down the opposite side of the pier, again along tlifl 
valley, and successively into a third, or more, reser- 
voii-s, at gradually decreasing elevations, and so on W 
the opposite side of the valley. Evidently this was fl 
very rude method of meeting the inmiediate difficulties 
of the case, and the loss of head upon the pipes, ia 
consequence of tho numerous bends, must have been 
consideTahle ', butthere waamuchiugeuuity intheii 
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and perh^s it maj be considered to indicate a Wti: 
ftcqaainUnee with the laws of hrdraulics thaii ne iiv 
accustomed to attribut« to Iho Dation amoDgst wlin: 
the sjst«iu arose. There is a hirge work of tl 
description erected upon the mina of one of the gren; 
bridge aqnedacts of the neighbourhood of Constanti- 
nople, which had been destroj-ed during one of the 
numerous sieges of that town. Perhaps the best 
description of the Souterazici is to be found in General 
Andreoaay's work upon "Constantinople pendant lea 
ann^ea 1812-26;" or in Geniey's "Essai sur les 
moyens de conduire et deliver les eaux ;" to which the 
reader ia referred for further details. 

»a41. As was said above, the use of large metal pipes 
Or mains, for the purpose of conveying water from the 
Boorce of supply to the point of distribution, has of late 
years entirely superseded the necessity for the erectiou 
of aqueducts, excepting in the cases when the waters 
to be delivered are so highly charged with earthy salts 
^ as to render it dangerous to use pipes. The law- 
which affect the flow of the water in such mains luvi ■ 
been paitially discussed (in -vol. i. §g 36, 37, 39), an- 

I they will be examined more in detail hereafter. In tliu 
portion of this chapter wherein the ordinary modes of 
'house supply are described. For the present it may 
■ suffice to say, that the material usually employed fur 
'this purpose is cast ix-on ; and mains of; 48 incliL 
-in diameter have been made of this metal. V-i 
great precautious must be observed in laying pipes I'l 
such enormous diameter, and in regulating the pressure 
at intermediate points of their length ; whilst it is also 

k necessary to provide self-acting valves, or hand-vak*-? 
.easily closed, in order to obviate as far as possiM 
Hie chances of a rupture in the mains. Upon ■■!. 
Liverpool Waterworks, fiuipv^iedb^ the g^eat Kivin^i^_ 

k ^1 
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Pike reservoirs, Mr. Hawkesley introduced some 
skilfully devised machiiiery of this description ; and 
in the Minutes of the Institution of Civil Engineers 
for 1859, will be found a tolerably clear account of the 
valves and pressure regulators used upon the Melbourne 
Gravitation Waterworks. It is important'alsoto observe 
that the pipes leading from a distant source of supply 
to a distributing reservoir, must be placed (in fact, like 
all those required for a town distribution,) at such a 
depth from the surface, as to ensure their being 
beyond the limits of the effects of atmospheric varia- 
tions of temperature. In England, a depth of four 
feet is sufbcieut for this purpose ; but both in extreme 
northern and southern latitudes, it is necessary to 
descend considerably lower. In some portions of the 
distance between the ends of the mains it may likewise 
be advisable to insert double lines of pipes, and to 
make occasional connections between the two, in order 
that, in case of repaii-s to either of them, the flow may 
be maintained through the other. 

2i2. As it is often necessary, in the Course 
executing the works required, either for an ope»' 
masoniy or a close pipe track, to pass certain moun- 
tain spurs ill tunnel, it may be advisable to observe 
that the dimensions and fonn to be given to such 
tunnels must necessarily be regulated (so far as their 
niinima are concerned) by the practical consideration 
that the workmen must be able to use freely the various 
implements of their ti'ade, and to push to the extraction 
pits the materials disengaged dming their operations. 
The nature of the rock traversed will also affect the 
sectional area of the excavation ; for if it be of a nature 
to render lining upon the top and sides indispensable, 
as well as for the water channel itself, the dimensions 
of the cross section must evidently be iucxeoie^. K 
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1 work witli tolerable efficiency in a heai 
t£ the size repreBented in the mai-gin ; but it moi 
tionnbied na the mioimuin in all cases, because^ 
consti'aiiied ])osition the worlq 
\ would be obliged to ass 
would preveut his employing I 
whole of liis useful power, i 
I the dimensions of the heading J 
I made less than those indicatedJ 
I workman ivould hardly be abM 
move forward without even auyfe 
pediment. It is also important! 
the tunnel should be made sufScientiy large to alloT 
its being easily visited and repaired. A very ^ 
example of a tunnel for receiving a conduit is ofFereJ 
the Aqueduc de Ceintme of Paris, represented i 
■-fi and 2 ; for the dimensions adopted have been i 





carefully calculated, in order to ensure the | 
efficiency, at the same time that they are as n 
possible ill accordance with the laws of economy. 
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e Ceinture rung round the noitliern 
from it all the mains for the supply 
portion of the town derive their supply. It is aboul 
I-iV of a mile in length, and has a total fall of onl 
i inches, so that the flow of the water takes place 
simply in consequeooe of the difference of level caused 
hy the withdrawal of the water through the variouB 
pipes branching from it. The section of the larger 
tunnel has naturally, under these circumstances, been 
made larger than is absolutely necessary for the mere 
parpoftes of eaay execution and repair ; but the email 
tunnel is as near to the dimensions theoretically 
required for those purposes as possible. This smaller 
tunnel was executed upon the embranchment of tha 
Aquedvc de Ceinturc, formed for the purpose of sup- 
plying the Qvartier Sf.LtnirfJit. 
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ta. The various discussions of the previous part of 
s section have been made iipon the supposition that 
the water is obtainable in such positions as to allow of 
its flowing by its own gravity to the place of distri- 
bution ; but as it often happens that the source of 
ftapply is situated at a lower level than that place, it 
becomes under such circumstances necessary to employ 
some mechanical agent to raise the water. For the 
purposes of a towu supply, the choice of the peculiar 
agent is practically limited to either steam or water 
power, according to the local circumstances of the town 
onder consideration; and in both cases the motive 
power must be applied to pumps, because they alone 
of the various descriptions of intermediate machinery 
can force the water to the height and to the distance 
is generally required to overcome in these 
^^44. Evidently it would be preferable to ado^t wa( 
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'' power, wherever it exists naturally of Eufficieot ed 
and of a sufficiently permanent character, because it i 
very little for the daily working, or in fact hai^dly | 
thing beyond the first outlay for the machinery a 

the ordinary repairs. Steam power, on the other b 
requires a constant outlay for coals, and also givesi 
to a more continuous and expensive outlay for rejj 
maintenance, and attendance. But it rai'ely ha^j 
that such a water power is to be met with i 
neighbourhood of large towns ; and in the majora^ 
cases even wherein it exists, it is found thati 
streams creating the motive power are so exjKraal 
interruptions in their flow, from ice, floods, or drouf 
that they can seldom be used for tlie purposes of e 
ing a service in which regularity of action is a md 
of such serious importance. The determining mod 
for the choice must then depend upon the cost ofa 
maintenance of steam power, and the intemiptioilf 
which the water power may be exposed, suppoeingl 
exist. If these interruptions should not be of e 
duration, they may be obviated by the constrncti<d 
service reservoirs at the summit level of the £ 
bution ; but, of course, the expense of the constmci 
and maintenance of these reservoirs must be i 
into account in the comiiarative estimates. The i 
blem to be solved in all such cases is, in fact, hoil 
raise within a given time the gi-eatest quantity of w 
which may be required, at the least possible exp^ 
not only for the moment, but eventually. 

945. In estimating the power to be provided, i 
necessary to take into account the weight to be raial 
the height, or dead lift, to be overcome ; and the Tai 
causes of retardation of flow in the pumping i 
arising either from tlie friction of the water upon I 
sides o£ the pipes, or from any change in their directil 
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\ horizoDtal or a vertical dii'ection. These 
ned causes of diminished power will be dis- 
ced hereafter ; but practically they are considered to 
met by allowing for an extia dead lift of 12 feet per ' 
e of the conducting pipes between the engine and the 
srvoir, unless any very extraordinary vertical bends 
old oceur. For instance) let it be supposed that 
10 gallons per minute are requiied to be raised to 
ett height of 120 feet above the lowest clack of the 
ops, or the water-line in the well, and to be dis- 
xgei at the distance of 2^ miles. Then, as a gallon 
glxB lOlb. avoirdupois, the calculation wouldj^gcome.^ 
■ound numbers, 10,000 X (120 + 30)=T^00,000, the 
taent of resistance. Now, as a horse-power is 
iBidered to be equal to 33,000lb. raised 1 foot 
h per minute, theoretically the power should be 
00,000 -i- 33,000 = 4o-46 horse-power. But a steam- 
[ina rarely works up to the nominal power, and a 
£r-wheel falls short, even to a greater extent, of 
4a<»ng the effect calculated upon ; so that in cases 
are the former is to be used, it becomes necessary to 
>ct the theoretical result by a co-efScient of 0-86 ; 
[ where the latter is used, by a co-efficient of 075, 
the most perfect description even of water-wheel, 
I daring the period of its being in perfect working 
idition. In order, therefore, to perform the duty 
tve specified, it would be necessary to provide a 
un^engine of about 53'5 horse-power; or a water- 
Bel of about 60"7 horse-power, nominal. 
t46. The towns of Philadelphia and Richmond, in 
I, United States, and of Toulouse, in France, are, 
ongst others, supplied by means of water-wheels, all 
3et<shot. Of these, the wheels at the Fairmount 
iter Works, Philadelphia, are the most remarkable, 
Ifllof the Tolnme of water they ai'e designed 
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to lift. This was not less than 10,000,000 galloni* pi 
flay, -with a dead lift of 92 feet, and discharging thi 
water through cast- iron mains 16 inches diameter. Thi 
works were originally executed in 1822, and even w 
the present day it would appear that they are able U 
perform a workinff average of not lefis than 8,379,92£ 
gallons delivered into the reservoirs. There are eight 
breast- wheela, 15 and Ifi feet in diameter, with IS fc"' 
length of bucket, and one Jouval turbine 7 feet diani>^i 
^ving motion to 9 double-action pumps having cyliml 
IB inches in diameter, and a length of stroke of 5 1\ ■ 
but the turbine and its pump are not yet in worl;i 
order : the fall of water is 7^- feet, and the wheelsn.i: 

13 revolutions per minute. At Biclimond, there "■ 
two wheels 18 feet diameter, 10 feet on the i'.! 
with a 10 feet fall, working two pumps and m^"- 
S00,000 per day into reservoirs situated at IfiO i' 
above the low-water line. At Toulouse, the wheels m 

14 feet 5 inches diameter, 5 feet on the face, wil'^j 
fall of 7 feet « inches ; they are two in number, n;; 
raise about 890,000 gallonsperday toaheight of 6TI 
above the water in the well. 

2 17, The description of water-wheel to be empl'i^' 
must, of course, depend upon the conditions of the [!■ 
of water in the river producing the motive power : 
may be under-shot, over-shot, or breast, accordiri^ '■ 
the height of the fall, or tlie volume flowing tbrougl) 
the sluices. Of the under-shot wheels, those ecu 
Htructed upon Poncelet's system with curved floats ami 
working in a close concentric race, or channel, are 'I 
most economical, and jield the greatest effective pn^'^' 
With a fall of 5 feet, or under, they produce a dynaiii" 
action equal to 0"7ri of the theoretical power emplDV' ■ 
with greater falls this co-ef&cient descends to it ' ■ 
but in the case of nnder-shot wheels with straight fliwU 
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je effecdve dynaaiical power rai'ely attaiuu even 
k latter oo-cfiicient, and they have, moreover, tlie 
■ous inconvenience of being exposed to be reu- 
Kd unserviceable with a much smaller amount of 
pSk-water than is able to stop the working of a 
^celet wheel. 

pii6. Over-shot wheels produce a. useful dynamical 
feci, which is sometimes as much as 0'80 of the power 
mally exerted upon them; but under the ordinary 
Bditions of working, and witli a velocity of the 
niphery of about 3 feet ti inches, or 7 feet per second, 
B useful dynamical effect is only equal to from 0'75 
L0'70 of the power. This description of wheels 
lluireB that the supply of water should be uniform, 
^ that directly the water has left the wheel it should 
hw away freely. At times these conditions can only 
fr obtained with difficulty, and under such circum- 
IBces the breast-wheel is resorted to ; because it can 
irk under greater variations in the supply, and witli 
jtareater amount of backwater during times of flood 
fan are adiniasible with over-shot wheels. If the 
[Oast-wheels be constructed with the best modern 
kproveraents, they vrill be able to produce a useful 
tnamical effect, which may safely be calculated at 
iys of the power employed. 

jbi9. As was before mentioned, turbines have occa- 
ftlally been employed for the puipose of raising water 
Bthe supply of towns ; and Uiey certaiuly possess the 
Karkahle advantages of being able to woik under 
■ofit any fall, and of producing useful effects, with a 
V wide range in the velocity of their revolutions. 
Ky are said to yield a dynamical effect varying from 
■D to 0'7S of the power, and they may be employed 
BcRses where no other description of wnter-wheel 
■^nofleM^ucceed. In England, tlie only kwQ'tja. 
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ication of the luibine to n town wn,tcr eai^plj isid 
Wej'mouth, where a macliinc of this description lias 
Iftlely heeii erected under tlic orders of Mr, Hawlcslej 
Tha fortigTi engineers seem, however, to be more cou 
viiioed of the ndTnutagcs of tliis description of water 
wheel than our Euglisli eiigineers generally are; andthr 
principlefi of this class of machinery have been disciiSB>^il 
biJJi in France and in America, in a series of publini 
lionB mentioned in the Appendix : very little of valiK 
upon the subject has boen published in oar o^f 
-country. 

860. In most of the large towns of England wherciu 
is necessary to employ raeclianieal power to raise (In- 
ler, steam-engines are generally used, for the reasoir 
re mentioned, or because the water power of tin 
ty lias been already appropriated. Until wtiiii; 
n vci"y recent period it was considered that when lli^ 
pi.worof the engine was required to exceed from 20 to 3 
iioraes, the description of engine known as the Comisli 
engine was the moat advantageous ; but the results ni 
the observations lately made upon tlio working of tbf 
double-action engines erected by Messrs. Simpson fpi' 
tl»e Chelsea and Lambeth Companies, and by Mossi-? 
Bollon and AVatts for the New River Companj'. woul'. 
appear to re-open the controversy with respect 1' 
the merits of the various systems of pumping en^ic-- 
■ tlie limits above mentioned there is, how 
a decided advantage in using the most dired 
Msting engines, both in respect to first cost and to eud- 
Koqiient working; or even in using small horizoni-i' 
engines with fly-wheels, communicating motion to shall ^ 
bearing the pump-rods. In lite case of the Comis'i 
engines, or rather in any ease wherein it may be 
iiocessary to raise large quantities of water to ( 
heights, the most favourable conditio) 
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', tbnt tltey ebotild begin bj raisiog i 

.Dd that when the first motion u 

termined, the effort used to move that load should 

i progressively; so that,in fact, the motive 

r sball cease to act before the piBtoa eholl arrive 

1 end of the stroke. This is effected, in the 

b engines, by introducing steam at great pressure 

; piston, tlirough large orifices ; the steam is 

a allowed to expand directly the inertia of the water 

Q overcome, and it has assumed an ascentiomil 

int, which may be maintained by a very small 

litional effort. In the eugLaes used for raising water 

a the Cornish mines themselves, the initial pressure 

! steam is about from SJ to 3 atmospheres ; the 

^imsicm begins at from i to J of the stroke of the 

; and at the end of the stroke the pressure is not 

we than from 4 to (""o of ^n atmosphere. In small 

raping engines, on the contrary, it is necessary tbnt 

I action should be uniform ; and on tbis account it 

f .advisable to divide the action in such s mann^ 

> work tliree pumps, by means of cranks, fom 

' "i one another angles of 130° upon the SM 
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. In the great London Water-Works the style of 

! usually adopted is the Cornish engine; and it 

e worth while to mention here, that in tlje East 

a Water- Works establishment the largest single 

3 of this description has been erected within a 

r years, under the orders of Mr. C. Greaves. 

s engine has a cylinder of 100 inches in diameter. 

feet stroke, working a loaded pole of 4 feet 

dies diameter with a velocity of 6 strokes per 

mte, and raising no less than 150 cubic feet of 

ter in a stroke. But, as was said in tiie last para- 

liph, the experience of modern engineers a'j\i<^a.ta ^ 
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lean in fnvour of the use of beam ami fly-wheel enginl 

nnd if all that is reported of the action of the n 
erected for the New River and Lambeth Companies b 
correct, there would iippear to be no doubt as to the 
superior efficiency of the piinciple upon which they 
are dcaigued. The engines erected at the New River 
Head are of two kinds : four of them are double -cylinder 
engines, in which the high-pressure steam of the first 
C3'liiider acts expansively on the second, made by 
Messrs. Simpson and Co.; and the remaining two are 
single-cylinder engines, with a comparatively speakiug 
small stroke, made by Messrs. Boultou and Watts. 
Many years since it was said that these machines were 
able to perform a duty equivalent to 98 million lb-, 
raised one foot high, by the combustion of one cwt, of 
coal ; and now the duty is said to be even carried so 
high as 130 million lb. Unfortunately, the expe^l^, 
ments from which these results were obtained i 
not made conti'adietorily ; and they must therefore fc 
for the present, received with caution. There is, h 
ever, one undoubted advantage possessed by the J 
wheel over the Cornish engmes; viz,, that tbeyl 
capable of working at very different rates of deli^ 
In a town supply this may often become a matterll 
.serious importance, as the demand Js subject to ve^ 
unexpected variations of an accidental nature ; i 
again, it must be observed that the working details of 
the latest pumping engines, of whatsoever description 
they may he, have been so carefully adjusted that they 
are even used without any regulating reservoirs or the 
old-fashioned stand-pipes so generally erected at the 

beginning of this century, and that the drivers ^ 

the engines can easily meet almost all the vaiiable o 
ditioua of the consumption. 
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MAINS AND DI3TRIB0T1N0 PIPES. 
Between the pumping station or the coUecli 



taervoirs of a water supply, and the point where the ' 
tetribution to the various parts of the town commences, 
B water flows through a simple pipe of nn uniform 
rtional area ; and, as far as possible, with a constant, 
1 velocity. In its course through pipes gene- 
My, however, tho flow of the water is retarded by a 
s of. resistances, which practically may be resolved 
o those depending — 1, npon the friction on the sides 
Ptfae pipes; 2, tJie loss of velocity occasioned by the 
; 3, the loss arising from the changes of direc- 
, from the maius to the subraains or branches, if 
^ snch should exist; and 4, the gurgitation which 
ienrs at every interruption in the flow. These retard- 

' influences will be examined in order. 
rS53. The friction on the sides of pipes depends prin- 
mally upon their diameters and lengths, and upon the 
, or column of water upon the respective orifices 
I' Bnpply and discharge ; and practically, this result is 
jain modified by a co-efficient varying with the velocity 
f the water, and, if M, Diipuit's observations be cor- 
Bt, with the nature of the material of the pipe itself. 
St>r all practical purposes it may be sufficient to con- 
ifer that the quantity of water flowing through a pipe 
T uniform diameter, receiving its water from a reser- 
r at a high level, and discharging it into another 
lervoir at a lowfir point, without any change in the 
%ctiort of the pipes, may be ascertained by the for- 
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D'; in which Q= the quantity 

\.C= the difference of level between the extreme 
* length of tKe \>\pc -, Ti s 
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»n the upper, and H', Uie head upon the lowi : 
Ifice ; D = the diameter of the pipe ; and c = a <w 
^cient to be dei'ived from tlie following table : 



15-00 17-22 ie-8 



19-50 19 84 'iO-Q7 Sft'l 



• ^ 
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id for any velocity beyond c = 21'043. 
254. Thiaformnla, however, cannot be applied unless I 
the velocity is previously known ; and if this should | 
be ascertainable by actual observation, it may In* 

tcolated as follows : — make K=:— — , in whicli 

the notation of t!ie preceding section will he followcil ; 
then we sbould have, accoi^ing to De Prony's fonniilii, 
a& given by Playfair 

B V= — ■1541131 +.^'023751 + S2806-(JX~. 

^ 855. In practice the conditions nsnally met with arc- 
not BO simple as those above supposed, and it therefor? 
becomes necessary to adopt other methods of calcu- 
lating the quantity discharged, as affected by the in- 
sistance, which methods may be described nearly u- 
foUows, in the words of D'Aubuisson, the author of tli 
best practical and theoretical treatise on hydraulics i^ 
be found in any langunge. Wheu water flows from a 
pipe, the vertical height of the fluid in the reservoir 
above the discharging orifice is called the head, and it 
is represented in all D'Aubuisson's observations by U. 
The velocity due to this head is, however, dimiius]i«(l 
by the friction upon the sides of the pipe ; so that the 
portion of the bead acting upon the discharging coifil 
can only be represented by the beight able to pro< 
] velocity of dischavge. If this veloci^ 
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fed t>, the height producLng it will be — : and 11 — 
% i 

will be the portion of the head destroyed lu creatii 
it ; this portion, expressed in round numbers, la Icnon 
s« the " loss of head." He then continues to obsen 
that, as the loss of head is caused mainly by the actio 
of the sides of the pipes, it will be proportional to thai 
length and to their contooi'. But in proportion as tb 
section of the pipe increases, the resistance from ( 
tion on the sides will diminish, because it will be d 
tributed over a greater number of fluid molecules, a 
will consequently affect each one, as well as the whol 
mass, to a less extent; the resistance from frictiol 
will, in fact, be in the iuvei'se ratio of the sections 
area of the pipe. The retardation, then, will be prrf 
portional to the square of the velocity, with an additioi 
of a fraction of the simple velocity itself. It is also t 
be observed, tliat in the course of those obsei'vations 
the pipes are always supposed to be full ; for if the; 
were not so, the flow of the water would be regnlata 
by the laws which affect it in its passage through ordS 
nary open culverts, 

350. Then calling the length of the pipe L; tbi 
sectional area S ; the wet contour C ; and the ti 
co-eflicients it is necessary to introduce a, b; the e 

Xiression of the resistance will become a -5-~(i'' + i"^ 

and we should have H —-5—= ""3" ("' + * ^)- 
is then only necessary to ascertain the values of thi 
co-effioienta o, h, in order to apply the formula ( 
ordinary purposes. Almost every author who ha4 
written upon this branch of the science of hydraulics 
bus attributed different values to them; so that grei 
intyis 8lll! attached to the correct aolvitio'o.Qf tli« 
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problem. But it appears that the formula and valuer 
given iti "Weisbach's Mechanics are sufficiently accu- 
rate for prnctice. That author calls t)ie loss of head 
■ iccasioned by the friction h, and confining liis atten- 
.1 simply to the lengtli and diameter of the pipes, hi: 
0-017!)C3\ f . IT- 
f -- i^—- H -— feet. It istru". 
Vv J a -ig 

Messrs. Piovis and Peacock's experimental inquiries 
appear to indicate an important error, e.Ten in this 
estimate of the values of the respective co-efRcients ; 
but as the results obtained from their application sjp 
admitted to be always in excess of those rigorously 
wanted, It would certainly be advlseable to adhere to 
tbera in designing any works for the distribution of 
water through pipes ; because any imperfection in tlip 
manner of laying, or any sudden increase in the 
demand, might render necessary the supposed exag- 
geration of diameter they would lead to. 

957. It is, perhaps, the more adriseahle to adopt 
formulte which would lead to the use of pipes slightly 
in excess of those required to discharge, at Jirst, the 
quantity of water assumed to be delivered ; because in 
all pipes, as we have before seen, the effective dia- 
meter becomes reduced by the deposition of the 
salts contained in the water, or by the oxidation of 
the pipes themselves. Even in cases where the 
diameter of the main conduits has been rigorously cnl- 
culated, it is customary to allow an additional J-incb, 
in order to counteract the effects of the incrustation.:^ 

958. The friction, and consequent loss of 1 
upon water flowing in iiipes, is considerably incrc 
by any changes in the direction of the pipes, wheU 
Jiorizontally or vertically ; and this increase is foW 
to be ill a certain definite proportion dependent xtpn 

jcatia of the diameter of t\ie tube to the radiuit^ 
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Navier states tliat the foriniu 
- 00186 J — in wMch r = the 

idias of the curvature, and a = the development of 
! arc, will represent the loss of head thus occa- 
According to him, also, it would appear that 

. is proportional to the square of the mean velocity, 
1 to the length of the arc ; that it is a function of 

8 radius of the aiT, and independent of the diameter 

r the pipes ; and that h , decreases in proportion as r 
It is usual to make )■ of the following 

ineusione, when it is desb-ed to apply the above 
inula to the case of side mains branching off tcoa,, 

fading main ; — 



6 iuches S iacbes 
2 ft. 6 in. 3 ft. e ia, S feet. t| 



. It is to he observed also, that the rate < 
iivery in pipes with vertical bends is affected b 
(cumulation of air at the summit of the bends them- 
hres, aud by the loss of that portion of the initial 
namical eiFort which is reqiiired to overcome the 
isistance of the column of water to be lifted on the 
wer side of the bend. The former of these inoon- 
iniences may he obviated, if required, by placing air- 
i at the top of the upper hmb ; the latter is 
OTercome by accelerating the rate of flow in the pipe, 
immediately before the water arrives at the bend. But 
under any cu'cumstances it is desirable that the pipes, 
in which there are any deviations from the straight 
line, should be kept constantly fu'l, in order to pre- 
vent as much as possible the accumulation of ai^ij^ 
^ttem. Inlaying great lengths oHesL^vt^^tawoA^^H 
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customoi'y to pbice the air-vessels, or the pressor 
regulators, upon the summits of the most iraportiiui 
vertical hends. 

3C0. The formula which expresses the conditionB i.i 
the flow of wiiter in a pipe of uniform diameter, aiii; 
working under a eonstnut pressure, ceases to be applii 
able when there is a scries of side hranches or of sul- 
mains, deriving their supply immediately from Hj' 
piincipal one. During the course of the distribution 
a difference in the volume of water passing through tin 
pipes must necessarily arise from the mere fact, thut : 
portion of the water will be drawn off by the sid 
mains; and therefore, iu the latter parts of thtii 
course, the supply mains must be proportion alii 
diminished to the service tliey^re designed to supply 
But it may" sometimes happen in practice, that tii 
cost of new models for smaller pipes may be so greiii 
as to render it more economical to retain the origim'' 
dimensions of the nmins; so that this question oi 
detail must be carefully considered iu forming the 
comparative estimates of the various modes of efEscting 
the supply. It is, however, always uecessary, befote 
deciding the dimensions of any main pipe, to take idIu 
account not only the absolute theoretical requirements ■ - 
thecase, but also the probability of any eventual incre.i: 
in the supply which the mains may have to carry. 

361. Mr. Hawksley stated that the method ij 
adopted to ascertain the diameters to he given to lii' 
pipes laid down upon what is called the constfli!' 
deHvery system (in which the pipes are always unili 
charge, and no ciatorns are used), is to divide the 
of the main in a street into portions of 200 ytttim: 
each, and to assign to every such portion the qoanl 
of watar it would be likely to require, on the 
sition tlmt that quantity ^\o\l\A \3e discharged' 
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f hoiirs. He then allows for a loss of heail eiiia 
feet in every 201) yards, and adopts, in calculati 



metea:3tobegiven,the formula, 



^y 
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It wLicli (;= the number o 
the raaiti in yards; /( = the head in feet; and rf = t 
diameter required, in inches. The system recon] 
uieuded by Claudel in his "Formules h. I'Usage i 
ring6nieur," is, perhaps, more theoretically eorrec 
than the one thu3 recommended by Mr. Hawksle^ 
although it is certainly more difficult, and more tedioin 
in its application. It may be stated, as nearly i 
possible in the words of the original, as follows : 

302, Case Fii'st. Let it be proposed to supply it 
<Ustrict of a town by means of a pipe of uniform dia- 
meter throughout its length, and discharging the water 
through pipes constantly flowing; then the tUameter o^ 
the pipe should be sufficient to ensure the delivery c 
the water from each opening at a slight distance abon 
the points of discharge themselves at the extreme en( 
of the district. This diameter is, for the purp 
'flslculation, assumed ; and the loss of head for the dia^ 

Ii betwen A and "B is calculated in the usual waya 
thi 



1 



t 



fcthis loss beiiig deducted from the original hu;] 

! give the head acting effectively at li, which i: 

be at least sufficient to ensure the delivery of the 

water from all the orifices upon tlie said brancli B. 

s loss of head between B and G is w.ad^rtsasvfeft.'vo.* 
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similiir maimer, it being obserred that the quantity erf 
water discharged by the main will be, of course, 
dimiiti&lied bv the qo&Dtity withdrawn br the branch 
B ; and, as before, the bead ihns actuallv eustin|! 
stC must bf stillicient to ensure the enppiy of all 
the orifices upon the branch. Proeeeding ia this 
manner it will be seen whether the head upon thr 
dirision of the main nitl suffice to snpply iLe 
laud upon it. If this should not be the case a 
;er diameter must be used, if the head caunot be 
increabcd ; or if the head at the end should be in 
excess of that which is absolutely required, a smaller 
diameter may be adopted. 

263. Case Second. Let it now be required to deter- 
mine the diameter of a pipe receiving water from boUi 
ends, and snpplpng in its length certain orifices dis- 
charging definite quantities. In such a case it rany 
happen that some of the orifices are suppUed entirely 
from A; some entirely from B; whilst some, as I) for 
instance, may derive their supply partially from one oi 
from the other end, or it may be from both . Then tb-- 
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diameter of the main, in either of the parts D A, I) G. 

niu&t be such that if D he supplied from both ends, 

the effective head at D and the consequent entry of 

water from both sides sliould be equal. It is necessarj 

t3 jirocecd by approximation as in the last case, iu 

— ■'^r to ascertain whether this condition be or be n 

ined, and to assign some imaginary diameters ti 

O ; and after deducting the losses of hea4^ 

fr} by the SfYer;"\l branchps B, C. T 
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^feeffective hends upon the respective portious of t 
main at D will be determined. Should those headfl 
not be equal, the diraensiona of the mains must bft | 
altered as the results obtained may indicate. 

264. Case Third. Should the supply main derive H« 
waters from two pipes whose delivery is known, and* 
sliould it be desiveil to determine the diameter of the J 
pipe from A to B, ao as to onsiire a particular distr 
bution upon its k'ugth, tlit course to be followed maj 
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le thus described. A eoi-tain approximate diameter la 
assigned to A B, and as the discharge is known and 
the difference of level between A and B is also supposed 
to be known, the effective head required to ensure the 
supposed conditions may easily be ascertained- If 
then the diameters of A C and A D be also supposed, 
as the volume supplied by them respectively is known, 
it will be easy to calculate the loss of their initial heads 
by the time the water arrives at A. The heads of the 
respective columns of water at this point must be 
equal, and sufficient when united to ensure the delivery 
supposed to take place between A and B ; if the dia-^ 
meters of the several pipes should not be such as 
ensure these conditions, they must be modified accoi 
ing to their excess or deficiency. 

265. "When the distribution takes place by means 
a conduit of different diameters, it will be found t! 
the system of calculation indicated in the first illustri 
tion will suffice to ascertain the required conditions^ 
because the diameters of the pipes are constant between 
two successive openings, and the rate of delivery be- 
lo those openings is also umfotuv, l^.K'a \i.ete.M 
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hewevev, in calculating the losses of head which occu 
to allow for the differences iutrodsced i» the dixmek'i 
nf the respective poi'Iicns of the main. 

3Hfj. In carrying out the working details of n. 
town distribution of water, it is necessary to ob8en' 
leroua precautions, in order to protect the pip' 

im injury by external causes. In § 3S5, attenti 
litis been ah'eady called to the effect of yavialions .. 
temperature in the atmosphere, and it may be iaterf^i 
jng here to add that in such positions as Montreal v. 
St. Petershurgh, Uie watei- in pipes has been froztjn 
even at six feet depth from the surface. It was generalli 
supposed that the temperatui'e of the water was at nil 
times affected by the temperature of the ground in wliid 
the pipes were laid ; but ii'om the experiments msr 
by M. Girard (See his' " M6moire sur la Posa J'. 
ConduiteB d'Eau dans la Yille de Paris," 18.S1), w!iii i: 
have been confii'med by subsequent obseryatioue ;■ 
other counti'ies, it would appear that at whatever tt'ir 
perature water may enter a pipe it will leave tlie pi]" 
at precisely the same temperature, if the rate of Hi'V. 
be maintained constantly. In a municipal distribatk'. 
of water it is impossible to aecm'e this condition, fi" 
the consumption of water takes place in a very varinbl: 
manner, according to the wants or to the habits of Ui 
population; and it therefore is necessaiy to place tJi 
distributing mains beyond the possible action of fto- 
Moreover, in towns it is essential to place the maiti^ ■ 
u sulticient depth from the surface to guarantee tLcu. 
from the vibrations in the soil of the roads prodacci) 
by the trafSo ; and also if gas should be nsed, prccaa- 
tiona must he taken against contamiuaUon by the ga*. 
A minimum depth of four feet will suffice to secure the 
former object, and the danger from the escape of gas 

to some extent obyiateA b^ -^Wvn^ the water | 
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ftfewer level than that of tlie gaa pipes. It 
» Itere added, that M. Girai'd found that the Hnenl 
djlatfttioii of cast iron pipes was equal to 0000003002SS 
of a foot for every additional degree of Fahrenheit, il' 
they were free and iu the open air ; but that when the 
pipes were filled with water and buried in the gronud 
the dilatation was considerably reduced. The pipes 
themselves under tlie latter conditions assumed tem- 
peratures which were functions of the difference 
temperature of the sun-ouuding media, but which were 
nearer to that of the ground, or denser luedinm, thaa' 
to that of the water- 

367. A very important precaution to be observed iB 
the execution of a municipal water supply is, that what 
nre technically called dead ends should be avoided, oi' 
in fact that there should be no portions of the mains in 
wliich the water should not flow freely. It is essential 
iilso to make every sub-main and if possible every houseJ 
service, independent of the other portions of the distri' 
bution, in order that when repairs are required of a 
natni'e to render it necessary to shut off the water in 
any particular place, the interruption in the service 
may affect as few houses as possible. For the purpose 
of thus shutting off the water, sluices, or as they are 
Hometimes very incorrectly called hydrants, are placed 
elose to the embranchments of the sub-mains upon the 
principal ones ; and these sluices have an occasioualj 
additionul advantage from the power they confer oti 
temporarily stopping the private distribution, if 
should be required to concentrate tlie supply to any 
one place on the occasion of a fire or othei' accident. 

I stop cocks ai'e to be fixed at the junctions of the 
Bervices for similar purposes, 
Kre plugs are placed in Loudon at diatuweb 
^ ID the districts of eac\i se-pavate tQTO\i»s>."3 "i 
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it appears that upon the average there is a fire plug tn 
every ten houses, and iu the New River district, per- 
hapa the best organised of the older Loudon Compftniea, 
there is a fire plug at every interval of 73 yards upon 
the services, and of 157 yards on the mains. In 
large towns also it is advisable to fix stand pipes at 
distances of nhout 500 yards for the supply of water 
carts. This hranch of the puhHc service is found to 
require a BU])ply of about 1^ pint of water for every 
yard superficial, and for every time that the watering 
is perfoiTTied, In our climate it appears that the streets 
thus require to be watered for 130 or 135 days in th' 
yeai- ; and in summer it may frequently be necessary 
to water the roads twice in tlie day. Mr. HawbBley, 
however, adds to the observations usually made upon 
the consumption of water for roads, that the nature of 
their surfaces will materially affect the amount; and 
he assigns as the usual proportions one ton of water tu 
every GOO square yards of macadamised roads, or tu 
every 400 yards of paved ones. A considerable quan- 
tity of water is also used, iti some English towns espe- 
cially, to cleanse the sewers and drains; and it appears 
from Parliamentary returns that tlie proportion of the 
water thus supplied for street watering, fires, scouring 
sewers, &,c. is about 2 per cent, of the total quantity. 
In continental cities, however, the proportion of water 
thus used, without directly entering into what may In 
called the private or the remunerative consumption, i^ 
far greater than it is with ourselves, for the bulk of tin 
water supplied to the former is employed in tlie orna- 
mental fountains, or the small homes fontaines as tlie 
stand pipes which serve to clean the gutters or water- 
courses are called. The homes fontaines in factrendec 
great service in hot countries, and under certain deve- 
^opwents of civilization ■, «,nA B,?, in bAI probability their 
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^cation in the cities of our own tropical possession) 

jBigtit be (idvantageous, a. short description of them 
and of the sj-stem of distribution of which they form 
part is subjoined ; it is based upon tlie system actually 
Applied in Paris. 

2G9. There are several reservoirs established in the 
various quarters of Paris ; but in the day time, the 
■water, instead of passing from the main feeders to themj 
is diverted into the sub-mains, and allowed to flow from 
n series of small stand-pipes into the street gutters 
at night these stand-pipes are closed, and then the water; 
flows into the reservoii-s, where it is stored for th& 
supply of those pai'ts of the town which are not imme- 
diately upon the lines of the principal mains. The 
homes /ontaines are at the charge of the municipahtj, 
and they flow during the summer months, at three 
separate intervals of one hour each, or three hours per 
day, discharging in that time 660 gallons of water ; in 
winter they only flow for two hours per day. Generally 
speaking they are placed at distances of about 410 feet, 
and wherever it is practicable they are placed at the 
culminating point of a gutter, so that the water may-j 
divide and enter the sewers as rapidly as possible after 
flowing in both directions. The necessity for thig, 
apparent waste of water arises from the fact that, m 
Paris, it is customary to discharge all household refuse, 
such as we consign to the dust-bin, into the street. 
kennels, and therefore a copious flow of water ia, 
required to keep those kennels clear. Moreover, tht 
flow of water from the fountains serves to cool the 
in the close narrow streets of that town, in which tho- 
ann's rays are reverberated with singular intensity on 
account of tho material used In the construction of the 
houses. It appears that more than half the total 
ptity of wnter brought into Pnris is poured wta 
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keiinele through these homes fontaineg, bo that in f.' 
ihe quantity left for private distribution mnBt be v.: 
bihhII iDtleed. As the gross average snpply of IVn 
does not exceed twenty gallons per head per day, njnl 
addition to tlie stand-pipes, the water coIubids, or- 
mental fonntains, and trade consumptiona Imve to '. 
supplied from the same source with the private i\'; 
sumption, the latter cannot exceed, even if it atta ■ 
five gallons per head per day ; and it is important: 
observe, when comparing the nltimate benefits of '■ 
systems respectively adopted in France and in Eiigln" 
in Paris op in London, that in the former no liii 
service actually exists, and practically water is sold ' 
the pail, whilst in the latter, water is obtainabJi' 
almost any reasonable elevation, and the price is 
low as to induce, as was before said, rather a proflif.':!' 
waste of water, 

•270. Until within a very few years the supply ■ 
water to private consumers was effected in all countii 
upon what is now called "the intennittent systen). J 
that is to say, that the distribution took place uato I 
low pressures, and at stated intervals. In thes* 1 
cases the water was brought into the houses byli';i'' 
pipes, branching upon the mains in the street, :r 
fading to cisterns provided with ball-cocks, and wn ' 
or overflow, pipes for the purposes of stopping i'. 
supply wlien the water had risen to a certain levti 
the cistern, or of carrying away any surplus quou!: 
deUvered; and the water was stored in these cisttr; 
tmtil used, or thence raised by the inhabitants 
the houses by force-pumpa to any greater altitui 
which they might require. The clianges which j 
taken place in domestic habits of late years 1 
however, rendered it necessary to supply water e 
tiie upper stories of dwe\linc,-h.o\isee; and even! 
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the intermittent delivery a great change in the hrig&t 
of the service had been forcibly introduced before (ie 
eonstaut delivery system had been prominently brought 
before the public. Thns, in Lootlon itself the service 
■waa divided into the high and the low services, for 
vfaich there were oori'esponcUng differences of chaise. 
The "lowBerviee" wns understood to mean that the 
water was delivered at a height not exceeding from six 
"to nine feet above the level of the roadway in front of 
-the house; whilst the "high service" was comprehended 
-witJiiQ a level of about thirty feet above the same level, 
and included every delivery above the six or nine feet 
before mentioned. Upon cither the high or the low 
Bei"vice, however, it is necessary to resort to the use of 
(astern s, so long as the delivery is intermittent; and 
us the first cost and the subsequent maintenance of 
the machinery and of tlie cisterns themselves is great, 
and the cleanliness of tlie cisterns requires constant 
attention, it is not siu-prising that earnest efforts should 
have been made to avoid the evils which certainly are 
tttaehed to the intermittent deliveiy. 

371. It was for this purpose that Mr. Hawhsley 
introduced the system now geuenilly known as " the 
constant delivery," in which the mains and service pipes 
are kept constantly full, under very great pressure, 
that water can be drawn from them in any quantity, 
and at any level in tlie houses supplied. It will at 
once be perceived, that with such a mode of distribu- 
tion there can be no occasion for the use of cisterna, 
and that the water would, with a few precautions, be 
kept in a state of purity which cannot be secured when 
it is stored in those receptacles. But it is essential 
also to observe, that in order to resist thehydraulic jar 
produced by abruptly closing the service pipes after 
withdrawing wator, it is necessary to ado^^ a 
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^internal distributioii, tind to introduce iutemal fit^^H 
which are often of a. more expensive character ^^M 
thosQ which would suffice for a distribution upoD^^I 
intermittent system. There is a more serious o^^H 
tion to the high pressure constant delivery, howevc^^H 
this respect : that unless great precautions are t^^H 
and a very strict supervision be exercised, a ^^| 
enormous increase in the consumptjon of watei^^H 
inevitably take place, as was previously ohserr^^H 
g 198. So seriously, indeed, has the consumpti^^H 
water (or rather its waste, for it can never be ^^^| 
consumed,) increased in some towns, that it appeal^^H 
be almost necessary to render the use of meters ^^| 
pnlsary. In fact, as the ordinary charge for w&t^^H 
61^. per 1000 gallons, the price is nearly the sani^^H 
that charged for gas, and there can be no reason ^^H 
a profligate waste of the one article should be toler^^H 
whilst that of the other is practically restrained. ^^H 
fortunately there is no satisfactory high pressure i>^^H 
yet made, so that for the present a great deal of i<^^| 
must be tolerated, if the constant delivery at ^^| 
pressure be introduced. It may thus be unadvisi^^H 
even in a new work, to introduce the constant deli^^H 
and it may also be utterly impossible, ^'ith an}^^| 
regard to economy, to modify an old established 1^^| 
in order to introduce that system, notwithstandin^^H 
manifest theoretical advantages. The choice of themoMl 
of distribution is, indeed, a mere matter of economy, mi I 
the appreciationof the importance of the various condi 
tions able to determine the selection must always con.- 
tute one of the most delicate parts of an engineer's duUi 
One of the most mischievous errors of the late Geneui' 1 
BoardofHealtli consisted preciselyin the absolute mnii- 1 
ner in which it compelled the adoption of this conslant I 
delivery at high pressure, under every possible condi 
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372. The great iiTegularity whicii takes plaue iu the 
nsamption of water during the various lioui's of the 
J renders it necessary to use pipes of larger dimen- 
iDS for the house services, upon the constant delivery, 
m would be required upon the intermittent one ; for, 
the supply is taken directly from the service jiipes in 
i former case without the interposition of any cistern 
regulating storage vessel, those services must be 
■ge enough ia allow the water to he dj'awn off very 
pidly. The observations made by Mr. Martiu of 
olverhamptoii upon the rate of consumption during 
B different hours of the day, may throw some light 
on this subject, and they are therefore subjoined. He 
ited, in tiie Appendix ii. p. G7j of the (very equivocal) 
iport of the Board of Health ou the Water Supply of 
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raought-iron [iipes have of late years been introduci^il 
Tfor the disti'ibutioti of water, instead of cast-iron, il: 
inner surfaces of the pipes being galvanised, and t 
uuter surfaces protected by a coating of asphalte. I^ul 
witbstanding the favour with which this system lii;:^ 
been received, it would, however, appear that tliere are 
very serious practical ohjeetious to the use of tlic 
wrought- iron pipes; because a subsidence of the groum) 
above or beneath them, might compress the pipes, and 
thus diminish their available sectional area, -without 
producing at the same time any external indication Iv 
means of which it would be possible to identify tl 
precise position of the interference with the flow. TV 

tvery elasticity of these wi-ought-iron pipes is, indetri. . 
j^actical evil; for, under the ch'cumstances above si: 
^osed, cast-iron pipes would either not yield to t!i. 
aaperiucumbent weight, or if that weight exceeded u> 
tain limits they would break, and thus by the lealcn. 
which would take place they would at once call atli] 
tion to the defect. Wrought-iron service pipes ni' 
however,, often nsed successfully. 

377. Lead pipes are those which are. the most H' 
(juently used for house services; aud'they may !■ 
obtained by the process technically known as "drawing, 
when the diameters do not exceed three or four incln.- 
beyond which dimensions they are only made by si' 
dering the joint, or by casting. In the latter case ;!.■ 
lengths of each particulai- pipe can hardly exceed u.. 
feet, and under such circumstances the number '■- 
joints which would be required becomes a serious 
objection to their use. It was, indeed, on account ol 
their being practically confined to the use of lead j 
pipes that the Roman engineers so rarely adopted 1 
reversed siphons upon the lines of their aqueducts; [ 
and the difficulties they must have encountered in ti 
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I of the great work of tliia description, near 

Bu£Bcient to explain their prefeience for 

!ges, even wliilst it proves that the great prin- 

lydrauHcs were perfectly well known to them. 

iresent day, however, as was before stated, 

s are those most frequently used for house 

and they are found to he the most con- 

tiiough perhaps not the most economical, on 

of the ease with which they can be made to 

any direction. It is important to mention 

lead is exposed to be acted upon by certain 

nd tliat its action when thus affected is far 

igudicial than is the action of iron simllarl/ 

The precise conditions of the action and 

tf water and lead are not very satisfactorily 

; but it would appear that the waters which 

io affect iron in the most decided manner are 

which are able to affect lead. Some of the 

s, as they are called, or those destitute of 

bonate of lime, appear to act with the greatest 

lead ; and when this is the ease the use of 

for service pipes, or for cisterns must be 

avoided. (See also § 101 Vol. I.) 

lie formula for ascertaining the thickness to 

to a cylindrical pipe exposed to a certain 

[iressure is usually given as follows : x =J— 

p. = the pressure per square inch ; r = the 

the interior diameter; and c = the cohesive 

:of the metal per square inch. In practice, 

the dimensions ascertained by tlie application 

Inula are sometimes neglected, and especially 

's of pipes of small diiinieter the thickness is 

,ter tiian theoreticiiUy it would be necessary 

account of the difficulty there -fiouVd \ 
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obtainiDg sonnd castings with metal oi fbe reqniied 
thickness. It is customary also to strengthen pipes of 
more than 3 inches in diameter, by placing two belts 
3^ inches wide, and i inch projection, in their length. 
Mr. Hawksley adopts, for the purpose of calcolating 
the thickness of cast-iron pipes, a Tery simple empirictd 
formula, which is sufficient to meet any ordinary con- 
tingency. He makes the thickness = 0'18\/ d, or in 
other words, he makes it about equal to 4- of the aqoaie 
root of the diameter. The following table contains 
the dimensions and the weights usually given in com- 
merce to cast-iron pipes used for the purposes of the 
water supply of towns. 
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279. Mr. Jardine of Edinburgh found that a lead 

nipe 1 J inch in diameter, and 4 of an inch in thickness, 

iated a head of watet equal to 1000 feet, but that it 
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st under a head of F-JOO feet ; and that a pipe 
iGS in diameter, of the same thickness, rest&ted a 
i of 860 feet, but burst under a bead of 1000 feet. 
Itdor states that a large pipe of lead, ILI inchee in 
neter and 4-3- thick, niJJ, resist a pressure of three 
(oapheres ; aud he meutions that the jjipeit in the 
sdens of Vereaillea are S feet If inches in diameter, 
I I J inch thick; these ai'e about the largest lead 
1 existence. The usual thickness and iveighta 
ihe lead pipes to be met with in commerce nre as 



IFeight per foot 4'85 



ifjii 

7-27 7-76 
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■MIO. It may be interesting to add that the ordinary 
1 for a water supply in England is about 5 per 
tupon the rental of the house, and that the following 
B give rise to the application of special rates : such 
manufacturers, tanners, fellmongers, hoir-waehers, 
B-makerB, curriers, dyera, hatters, breweraj distillers, 
!■, bath-houses, and steam-engines. 
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bt these pages were passing through the pn 

interesting account of the operationa of the 

ineers, who have lately been employed in 

ting some Artesian wells in Algeria, has been 

llished by General Desvaux, in the fifth number 

"Annales des Mines" for 1858, to which 

•more necessary to call attention, bec&n&e 
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feUow-coimtryraen have certamly been either leas 1 
or less sucuessful in their attempts to execute siinilai; 
works than our neighbours hiive been. In all 
probabihty the course adopted by the French with 
such success, in forming wells in tlie beai't of 
the great Peaert of Sahara, might be followed with 
equal advantage in some parts of the Cape Colony, 
or in the great Stony Desert of India ; perhaps 
even Australia itself might advantageouslj- admit 
of the execution of wells in some of its now barren 
parts. At any rate, the influence of the 
recently formed in the Sahara upon the developm 
of the civihsation of the ioterior of the mysterioj; 
continent of Africa, must be sufficiently impi 
to justify a lengthened notice of tlie conditioiiad 
their execution. 

The Desert of Sahara itself, appeai-s to have, ftt i 
(jrery remote geological distance of time, constitn 
'ie bed of an inland sea, analogous to the Mediti 
ranean of the existing epoch, whicli was bound) 
towards the north and uorth-weat by the high laiH 
now constituting the range of the Atlas. The stn 
of these lands actually dip under and form a eonti 
ous basin beneath the horizontal beds of the form 
deposits of the sea, and as some of those beds i 
sufficiently impermeable to prevent the waters, fioi^ 
from the present hills and entering the more absd 
ent strata, from rising to the surface, the waters 
entering tlie underlying strata exist under the ordin 
conditions of Aitesiao springs, "Whenever, therefi] 
the upper impermeable strata are passed through, ^ 
the permeable water-bearing ones beneath them i 
reached, the water rises to a height regulated i 
course by the ordinary laws of Artesian springs, i 
abuiidance dependent upon the 
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tply, and the demand made upon it. And here I 

"may be as well to remark, that the results said to~ 
have been obtained, must still be regarded with some 
amount of suspicion; for it is far from being proved 
that they will remain such as tliey are, either through- 
out the year, or in auy season when a greater number 
of similar wells are formed. Wherever the water has, 
however, been brought to the surface, it has been at 
once, converted for irrigation or for personal use by 
the wandering tribes of the Desert, who ai-e thus 
insensibly won from their nomadic state to the more j 
peaceful life of the fixed cultivator. I 

Up to the end of 1857 no less than fifteen ArtesiaU I 
borings had been commenced, under the directions of 
the officers of the engineering corps of the French 
ai'my of Algeria, in that part of the Desert comprised 
within tlie French dominions; and eleven of theSQg 
wells had actually yielded copious supplies of wate 
whilst the remaining four boiTngs were being < 
tinned with a fair prospect of success, in 
two at least out of tlie four. From the : 
given by General Desvaux, it would appear that ti 
tot^l quantity -of water tlms poured upon the surfaco" 
of the Desert, which only required this stimulus to 
become of unexampled fertility, has not been less 
than 40;3O gallons per minute; and that one of the 
wells alone yielded as much as 94C gallons per minute, 
or above 1,400,000 gallons per day, which ia nearly 
half lis much again as the yield of the celebrated^ 
Artesian well of Grenelle. The following tablsi 
extracted from Gen. Desvaux'a notice, and turnet 
into English notation, will, however, give the mot^ 
correct idea of the nature of the works thus executedj 
and of the results said to have been attained i 
them: — 
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Sidi Sliman . . . 


880-0 
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iiO-0 


75-2 
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Oum Tliiour, 3nd well 


330 


77-9 


261 „ 9 ., 


MetlEaonftk . 


2i-a4 


73-76 


385 „ 5„| 



There are Bome apparent anomalies in this tible, ' 
which may perhaps confirm the doubts already es- 
pressed with respect to the probable permaneiice v. 
the supply thus secured. For instance, the distaucr 
of the principal water-bearing stratum from the but- 
face would seem to range between 150 and 200 fp.et 
and if it should happen not to be met with in an} 
particular place, the actual yield of the well is not 
likely to be of much importance. But the singuliir 
varieties stated to exist in the temperatures of tin" 
well waters, which rise to the surface, lead to th" 
inference that the water-bearing stratum is not situ 
ated at such a depth as to protect it from tlie actio;; 
of external disturbing causes ; and therefore thrj 
also lead to] the belief that those causes may be able 
to affect the regularity of the supply, A series trf 
returns, can'ied over many years, is in fact requirr>t 
before any authentic opinion can be formed as to tl. 
real value of these interesting illustrations of the /•:' 
fcweJ] -sinking ; an art wliich aeems, by the way, i 
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!■ been originally practised by the ancient Egyp- 
and to have been applied by them to preciselrf 
the same purpose as it has lately been applied by thai 
French, viz,, the creation of baiting stations in thai 
dreary wastes of the Deserts. The number of riveraJ 
and the quantity of water known to be absorbed by thfff 
Sahara, may diminish the probability of the iinportancBB 
of the disturbing causes above alluded to ; but until 
a series ofobservationsupon the permanence of the yield! 
Bhall have been made, some doubts must exist ou tbej 
subject. Before closing this note, it would be desirablej 
to call attention to the fact that the range of the Atlaal 
is more likely to furnish a permanent supply to thai 
streams feeding the underground springs of Northernl 
Africa, than are the mountains of either South Afric 
of Australia ; because the fonner are sufficiently lof^ 
to rise into the regions of perpetual snow, whilst thtfl 
latter are uncovered in the summer months. NeveF-J 
theless, the effects of droughts in both those regionsfl 
are so fearful, that it would be important at least taV 
examine whether there were, or were not, any prob*- 1 
bility of discovering even a partial remedy to them. 




881. The subjectoftowa drainage isonewliicli is*! 
Ittch manifest importance to any highly* civilised c 
munlty that the (tisciission of the best and most efficient 
system to be adopted in order to effect that object Imf 
at all times occupied the attention of legislators ami 
engineers. The great Jewiah lawgiver prescrilicd 
numerous precautions to secure the removal of tlie 
various offeusive matters, and the ordinary drainage of 
tl»e camp of his followers during tlieir sojourn in the 
"Wilderness; in the ruins of Babylon nud Niniruud 
distinct traces of a system of drainage have been dis- 
covered ; the great sewers of Rome, and of the Etrurian 
cities have long been the objects of admiration of anti- 
quarians and engineers ; later still we find our own 
Henry VIII. promulgating a code of laws upon tlM^H 
subject of sewers and drains ; and within the prea« 
century the whole question has been studied withd 
degree of attention, almost of pasaion, far superiorly 
that hitherto bestowed upon it. Unfortunately, h 
ever, the fashionable empiricism of the day has bet 
allowed to play its most fantastic tricks in this matt* 
and it is, therefore, the more necessary to call sttentiqi 
to the real philosophy of town drainage. For 
purpose of discussion it may, then, be considered tlH^ 
there are two branches of the subject, sufficiently 
distinguishable from one another for the purposesj 
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clossificutioii, nnd which may be, and often ore, treated 
in practice upon vety difl'erent principles. These 
branches, or aub-divisions, are — 1st. The consideration 
of the means of removing the surface, or what may 
properly be called the drainage, waters; and, 2nd, The 
consideration of the means of removmg all the foul 
house waters, and the excrementitious matters of a 
town population, iu such wise as to ensure their 
effectual discharge without producing any annoyance, 
either to the inhabitants of the town under con- 
sideration, or to the proprietors of land situated below 
the point of outfall. At the same time, it is desirable 
that whatever fertilising pi'operties may be retained in 
the setverage, as the waters flowing from the house 
drainage are now commonly called, should be con- 
verted to use, if that object can he accomplished with 
due regard to economy. These sub-divisions, however, 
ai'e but arbitrary ; because when a large, and higlily 
ci\-ilised, community establishes itself at any particular 
place, it frecjuently becomes difficult to define where the 
one of the sub-divisions begins and the other ends — 
especially as Uie existing municipal regulations of the 
countries of Western Europe complicate the question 
in an inhuite nnnibei' of ways. In fact, cities grow, 
without ranch apparent reason for the particular manner 
in which the increase of then- populations affects the 
plan of their distribution ; nnd it is very rarely th]^ it 
is possible to predicate, or to provide for, the wants of 
the continually increasing flood of incomers. The 
difficulty of thus foreseeing the wants of fature genera- 
tions is, moreover, increased by the fact, that not only 
may the internal distribution of the towns alter, but 
also because, from time to time, changes are intro- 
duced (even into national habits, the most pertinacious 
of all) which defy any previous calculitions. p6V.\ui,-5'*. 
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for these reasons that we find that boA 
systematic ueglect of " red tape " in the departnu 
peblic -works of our own coontry, and the pre 
t^posite defects of our neighbour and rival, Fi 
hare failed to elucidate many of the obscure [ 
connected with the subject now before us, and 
equally proved to be sources of difficulty in the 
tfttion of modem refinements and improvements. 
rU, the common sense of engineering works ia t 
with difficulties as they practically arise, wi 

tmpting either to establish any absolute &e 

to lay down any absolute laws. 
2ft2. Within a very recent period the i 
towns, as we now understand the phrase, can b 
sfud to have been effected in any systematic man 
the domestic arrangements of former generationt' 
not such as to render it necessary to make special] 
sions for the removal of bouse drainage or of ! 
refuse, by means of water. It was not, indeed, i 
recent eirtension of the system of private water M 
and the general introduction of water-closets, I 
which improvements in the details of daily life u 
considered to date from the present century, tbi 
want of an extended system of street and of 1 
sewers made itself felt. Ori^nally sewers i 
their name implies, the channels through whic 
leiW waters penned back by the tides, were nt e 
periods discharged thi-ough the banks, or sea- 
thrown np to prevent " the raging waters of th« 
from overflowing the land ;" and it is to be n 
that until within a very few years the word ' 
was commonly written and pronounced " shore." -' 
enormous quantities of water, however, supplied « 
modern houses have rendered it necessary to | 
Bpeciiil means for the removnl of such of them a 
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discharged their functions iii domestic economy; ai 
thus eventually the relative proportions of land and of 
house di-ainage in towns have become entirely reversed. 
In fact, the land drainage, in such cases, is irregular 
ill its character, and at times it ceases entirely to supply 
anything at the outfall ; whilst the house drainage is 
permanent in its action, and yields nearly the sanW 
quantities in dry as in wet seasons — in summer 
winter ; indeed, if any remark can be made on this sub- 
ject, it would be that the house drainage is moat likely 
to be copious when the laud drainage entirely ceases to 
act upon the outlets. The ancient legislation upon the 
subject of sewerage was based upon the conditions of 
the preponderating importance of land drainage ; and 
according .to it, the discharge of foul house waters into 
a regular sewer was strictly forbidden, and punished 
very severely when discovered. Even so late as 1830, 
the prohibition against connecting bouse and street 
sewers was rigorously enforced in parts of London ; 
and even at the present day, in Paris, it is only by 
tolerance that the surplus waters of the cesspools are.i 
allowed to overflow into the public sewers. But the 
advantages of the modern system of carrying off house 
refuse, by means of the waste waters of the houses 
themselves, are so gi'eat, that it is impossible long to 
resist the extension of the modern system ; and, as 
sooner or later the sewerage and drainage of every 
large town must be carried out in a manner analogous 
to tlmt lately adopted in our own Metropolis, it becomes 
important, firstly, to ascertain the laws which regulate 
the flow of water towi^ds the town drains ; and, 
secondly, to discuss the best methods of disposing 
of the contents of the latter, so as not to create 
public noisance. 

Some moi 
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hydraulic engineering immediately befoi'e us It 
affected to resume the principles wliicli shoitld gi 
.oui' practice in the matter, by snying in nn epiga 
''Watic form, that " all the rniafdll is due to the riJ 
and all the sewerage (or sewage, as they are pleasa 
call the house refuse) to the land." This is bJ 
paradox, and like all i^aradoxes it contains a genj 
truth ; but if it he, as no doubt it is, desirable thnfl 
bulk of the rainfall of ntiy particular place gkonld 
poured into its natural water- courses, and if i|l 
desirable that none of the fertilising propertid 
house sewerage should be lost, there still remaiDsl 
great question, — How is all this to be effected ■ 
due regard to economy ? The practical result of a 
attempt to separate the two systems of sewerage woi 
he to render ineritahle the construction of two systeou 
of drains ; and though unquestionably there may > 
Some circumstances which may render it doul 
nrhether the concentration of the two descriptiont 
waste water in the same discharging drains be, 
not, desirable, it must be evident to every unpr^i 
observer that no inflexible rule can exist in such ci 
In fact, the course which might be advisable inj 
case may be highly objectionable in another, on 
of the differences in the nature of the soil on whic 
town is built, of its configuration, of the cliaracter of 
outfall, and of the character of the country aronnd tie 
town and around the outfall itself. Every case muBt 
therefore be dealt with on its own merits, and cveiy 

itempt to lay down inflexible laws ou the subject 

uBt be regarded as sheer empiricism. 

284, As we have seen, the conditions to be observe)! 
in designing a perfect system of town drainage, are, I" 
that the whole of the surface and hind waters slionl ■ 
be removed ; and, 2", tliat the house refuse should k, 
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carried awaj effectually and moffeusiTelj'. Tbeftttaiu 
ment of the Utter condition will depend npon thf 
greater or the lesser abandance with which the wate 
SDpp]y of a tovn is effected ; and thence it may ahnoBt 
be inferred that unless a good supply of water should 
exist, it would be inexpedient to attempt to introdues 
a system of house sewerage. As to the quantities o 
the land, and house waters, they must depend, in the: 
drst place, upon the rain-fall, and the other natur^ 
hydrographical peculiarities of the town, that is to say; 
upon the springs or watercourses it may contain ; an^ 
in the second place, upon the number of inhabitant 
per house, and the maximum rate of consumption a 
water. In England, for instance, there are rarely 
more than six inhabitants per house ; whilst in Frano« 
and in Scotland that number will at times reach forty, 
or even fifty. A moderate supply of water may 1 
reckoned to require about from 20 to 40 gallom 
per head, per day ; and of tliis quantity about -J u 
generally find its way into the sewers. Those chftB< 
nels, if they should be designed to cairy off all iht 
waters from the town under cousideration, must he a 
sufficient capacity to discharge a volume of watfti 
calculated upon the above data ; together with anj 
storm waters which are likely to flow into the channels 
It has been observed that the greatest flow of houw 
waters, in the sewers themselves, takes place betweei 
the hours of 1 1 and 1 ; and that in each of those hoiu 
the average flow is about 4 of that of the whole day 
though as Mr. Phillips appeared to be seeking, on t 
occasion of his giving the evidence from which thi 
above rule was deduced, to influence the opinions a 
those whom he was addressing in favour of ! 
drains, it is advisable to adhere to the more generall; 
■eiyed opinion that it is preferable to reckon UQOi 









carrying off, in each of the houra of greatest fli 
least ^ of the total quantity of the bouse seweragi 

295. The quautity of Btorm or of land waters 
carried off by a system of sewers, is even & 
important element than the quantity of house wal 
iu the calculations to be made in such cases; and 
whatever may be the precise amount assumed to be 
likely to find its way into the sewers, the latter mw-i 
be made of such dimensions as to allow of its en ; 
discharge siinultaneously with that of the greatest iluf 
of bouse sewerage. The rain-fall of the differcj^ 
parts of any large country, as is well known, vai-ies in 
a verj' mai'ked manner, on account of the atmosphen' 
currents to which it maybe exposed, and it is therefni' 
necessary, before attempting to settle the dlmensiui. 
of a system of sewers, to ascertain the maximui! 
quantity they may be tlms called upon to dischargi- 
and as the sewers ought to cai-ry off any ordiimr' 
floods, or storms, it follows that the observations 
which such calculations are based, must extend 
a very long pex'iod. Now, it is generally admittec 
meteorologists that, although torrential rains 
with the gi-eatest frequency in countries situated 
the tropics, counti-ies situated iu higher latitudes are 
also occasionally exposed to their action. Thus, ai 
liome, where the average annual rain-fall is about 2 fee^ 
8 inches, showers of 17 hours' diu'ation, and yieldip:. 
5 inches of rain, have been observed ; wliiiat k: 
Marseilles, in a shower of 14 boui's' duration, no IiA 
than 13 inches of rain have fallen, and at Aries, whicii 
is situated rather more inland than Marseillos, as much 
as eight inches have falleu in 13 hours. The great«sl 
rain-fall recorded as having taken place at Southampton 
is about 2 inches in 10 houre; but in London, stonns 
Lave occurred which have yielded as much as 4 ini 
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1 in 2 Loor.s, or 3 inches per hour. Unquesi 
rTj the latter obaervation must have been influenei 
some very exceptional phenomenon, perhaps by 

■ iiething in the natiire of a water-spout; lint it 
iippears from numerous other observations in England, 
thut storms of equal violence with that recorded as 
having occurred at Southampton, are of sufficiently 
&^equent occurrence to jnsUfy the assertion of the rule 
that, " when sewers are constructed to carry off storm 
waters in addition to the house waters of a district, 
they must be made of such capacity as to discharge 
proportion of a 4-inch rain-fall in 24 hours, varyi 
wrth the character of the district." 

286. The variation thus alluded to depends upon the 
relation between the quantities of water falling npon 
a given area, and the quantity flowing off the same 
area, and this relation will, in its turn, depend greatly 
upon whether the district under consideration be urban 
or raral ; and in the former case, upon the configura- 
tion of the surface, and the degree of permeability o£: 
the soil. It is usually calculated that in open coani 
disti-icts, where the soil is of a loose, permeable t( 
lure, only about I of the rainfall finds its way directly' 
into the superficial water-courses; whilst in ordinaiy 
country towns about ^ of that quantity are estimated 
to flow at once into the sewers; and in larger towns, 
where the drainage is generally speaking most effectu- 
ally carried into execution, and where the majority of 
the streets are paved, it is safer to calculate upon the 
basis that ^ of the total rain-fall ivill immediately find 
their way to the sewers. The results which would be 
arrived at upon these calculations are, it must ba 
observed, far in excess of those which would 
from the application of the laws laid down 
^MfaveeB of the Metropolitan Board of Works 
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great di-aiuage scheme ; for the referees seem to La\' 
ooiisidered that it would be suf&uient to proyidesewtrs 
[^le to actually carry off, m six hours, about i uf m 

ich rainfall, in addition to the maximum bouse flow ; 
tot they calculated upou the excess of tlie rain-fall. 
beyond this quantity, passing at once into the Thames 
through a series of storm overflows. 

287. A point of equal importance with that of the 
sizes of the arterial sewers of a town is the one con- 
nected with the outfall and the mode of disposing uf 
the sewerage when brought there. Hitherto the public 
authorities chai'ged with the execution of this descriptiuu 
of works have contented themselves with poui-iug die 
waters collected hy the sewers into the natural outfalls lU' 
drainage channels of their respective districts; but tlie 
constantly deteriorating quality of town sewerage, so (sr 
as it is able to afTect public health, and its increasing 
value as a means of mauoiing land, have led to much 
discussion and to many pai-tially successful attempts 
to obviate ou one hand the uuisauee, and on the otber 
to appropriate the fertilising powers said to be nuw 
wasted. Two metliods of effecting these objects have 
been brought of late prominently before tlie public 
viz. the method of distributing the sewerage ovui' 
agricultm-al lands by a system of irrigation, and tW 
method of precipitating in a solid form the matters in 
suspension in the sewerage; and as the partisans of tliu 
respective systems have succeeded in diffusing some 
very incorrect opinions as to theii* merits, it may he 
advisable to dwell a little upon the subject. 

288, In the method of disposing of town sewernffe 
by a system of irrigation it is essential that sonic 
means should be adopted to exclude storm waters frow 
those supphed by the house drains, because the regu- 
]arilj in the composition of the in-igatioii waters is a 
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of the inoat important conditions of theii- perinanentl] 
saecesfiful action. Unless, therefore, the sewerage oi 
the town supposed to be thus treated be entirely sepa- 
rated from the land drainage, by the execution of au 
entirely distinct series of channels, tliere must be pro' 
Tided some description of storm overflow, and in such 
& case it would be impossible to say that the nuisance 
arising from the discharge of the sewerage into the 
(rater courses had been obviated. This is fai- from 
being a hypothetical inconvenience, for in the case ot 
the town of Rugby actions at law, on account of the 
damage done by storm waters overflowing from the 
sewerage outfall constructed for the purpose of a dis- 
tribution of the town refuse by h-rigation, have been 
oiaintained, and the town has been compelled to erect 
3, series of filter beds in order to mitigate the evil thus 
created. But even should tliere be no reason to ieag 
the contamination of the water-courses in consequencd 
af occasional overflowSj the irregularity which would 
prevail in the quantity and quality of the sewerage to 
be pumped must always complicate the question of its 
iliatributton in this manner, for the delivery pipes an4 
the engine power must be adapted to the maximum 
duty they may have to perform, rather than to the 
average duty. It is to be observed also that a system 
of irrigation, whetlier by means of sewerage or of any 
other waters, can only be applied upon grass landa 
with any economical advantage, in our latitudes at 
least ; and that one of the essential conditions for its 
success is that the land upon which it is applied should 
be adapted either by its configuration, by its natural 
porosity, or by the execution of a complete subsidiary 
System of thorough drainage for the rapid and com- 
plete removal of the waters furnished by the irrigation, 
Moreover the land upon which the sewerage Via-tw 
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are thns proposed to be ponred, sboiild be situated at 
a lower level than the outftill furnishing those watets; 
30 that uuless great natural facilities should exist, the 
application of this irrigation system must be accom- 
panied, as in the case of Rugby before mentioned, by a 
coatly series of pumping and distributing works. In 
tliis particular instance of Rugby the waters are pumped 
from the low-lying outfall of the town npon some very 
porous higher land, principally laid down in grass, tuA 
are distributed over it through a series of cast iron 
mains, stand pipes, and flexible hose ; but allhougti 
the works have been designed, and are conductei^ 
with great practical skill, it is more than questionuin.. 
whether the results obtained by this system of irriga- 
tion are superior to those which would be obtained 
by an irrigation with ordinary river water ; and it is 
tolerably certain that the benefit gained is not eqmT«#: 
lent to the outlay and the working expense the sysl 
involves. The spirited proprietor of the Rugby Wi 
pays a rent to the town for the sewerage watav; 
justice he ought to be paid for receiving them, for 
he not a wealthy man the operation itself woul( 

289. A gi'eat deal of importance was attached 
the authors of the various Reports, issued Bome j 
since by the late General Board of Health, tol 
results obtained at Edinburgh from a partial apj 
tion of a system of sewerage irrigation, and tol 
assumed confirmation of the theories they had < 
voured to diffuse upon the merits of such a m 
(hsposing of town refuse, by the results of thefi 
gation effected in the immediate neighbourhood'^ 
Milan, But it must be observed, with respect tol 
irrigation of the neighbourhood of Edinburgh, 
firstly, the operation was effected by merely alloil 
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the sewerage waters to flow by gravitation over a 
trict composed of a light open sand, through which ihe 
water easily permeated, without any artificial drainage; 
and that, secondly, the habits of the dwellers in the 
particular part of Edinburgh where this experiment 
was tried wei'e not similar to those of the miyority of 
£ngUsh citieB. In fact, the waters disti'ibuted in thia 
particular case were rather drainage waters than sewi 
age waters, as the term is usually apphed ; and th( 
were neither obtained in the quantity, nor were thi 
of the quality, which would have to be dealt with m 
iirdinarj' English towns, where copious water supplies 
iind a complete system of impermeable sewers now 
exist. The very nature of the ground, moreover, 
upon which the Edinburgh sewerage is poured tends 
to render the operation less objectionable than it would 
he in ordinary cases ; but even upon it the gradual 
accumulation of decomposing and fertilising matter is 
productive of very serious annoyance, which would 
''■.come intolerable in any less exposed situation than 
' one occupied by Edinburgh upon the shores of the 
[ith of Forth. No doubt the baiTen sauds of this 
! articular place have been rendered extremely valuable 
by the application of the sewerage waters ; but anless 
such land should exist in the immediate vicinity of a 
town, and unless there should also exist very efficient 
natural means of ventilation, it is more than question- 
able whether the system, which hag answered so well in 
tliis case, would be likely to succeed as well elsewherBs-j 
Certain it is that the system applicable to the sa 
fields between Edinburgh and Leith would not 
applicable to the clay lands round London, or round 
towns situated under similar geological conditions. 

280, As to the irrigation of the country round Milan, 
it differs so essentially from the irriga.'tv'i'cv ^twi^ 
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"would be effected by the applicatioii of any Engl 
town sewerage, tliat it must always be a matter c 
surprise tliat our authorities should have cited it n- 
furnishing anj'thing like a parallel illustration of tii^ 
theories they sought to establish. It is notorious, ]' 
fact, that the details of the jedility of Italian towns iin 
so essentially different from those of our own uouiitt^, 
that it is absurd to draw any common inference f 
conditions so dissimilar. No doubt the waters of | 
Navigho Grande, and of the other Milanese ( 
take up considerable quantities of organic mad 
during theii- course through the town ; but the rel« 
proportions of the fertilising hquids and of the f 
water in those canals, after leaving the town, are, J 
the habits of the Milanese and the municipal reJ 
tions enforced amongst them, only slightly diffn 
from those which might be discovered in the i 
canals before they received the drainage from tlie 
Streets and houses. There is, in this case, a great I 
quantity of water and a very small quantity of seiver- 
age ; whereas at the outfalls of the sewers of Engli:- 
towns the organic matters furnished by the houses nr 
notably present in very great quantity. A oomparis";. 
between the irrigation of the neighbourhood of Mii.ii!. 
and that which might be effected near any well-sewt;ri ' 
English city is simply impossible; and it certain'; 
would be more rational to compare the irrigation ■: 
such a distiiet as that of the basin of the Itclien >vii! 
the irrigation of the lower Milanese, than to atteini'^ 
to draw from the latter any illustration of what emil! 
be effected at the outfiills of the sewerage of such to"!i 
as Manchester, Norwich, &c. An irrigation by meni^- 
of ordinary river water, or at any rate by means of Hi 
tidal waters flowing in such creeks as the Coantii 
iCreek, on the banks of l\ie Tharaes, would be quit^ 
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atAgeous as the inigation carried on below Milan; 
[ it is worthy of remark that, in the later days of 
the London Sewei'age Irrigation Company, the pumps 
actually disti-ibuted in Fnlhara Fields the waters drawn 
from the tidal stream flowing in front of the works. 
It is curious, and perhaps the fact itself may have an 
extraneous importance, as it shows how utterly incom- 
petent tlie parties who wrote the Reports of the late 
General Board of Health, to which reference is thus 
made, were to observe the facts before them, that the 
Varcite of Northern Italy, cited by them aa proving 
4»e Advantages of an irrigation by town sewerage, are 
»recisety the meadows irrigated by springs which have 
lever been susceptible of contamination by intermis- 
tare with the waters flowing either above or below the 
■orface of any town district. The wonderful results 
■btained by the application of irrigation in the neigh-. 
loarhood of Milan, therefore, prove that in warm 
climates water alone is an invaluable fertihser ; the 
«me law prevails even in our own country, and it 
:aniiot be too often repeated that we, in England, are 
'ery far from deriving all the benefit of this descrip- 
jon we ought to do from our rivers ; but these facta 
trove notliing either for or against the system of irri- 
gation by sewerage waters, and the appUcation of such 
( system must depend upon many very complicated 
iQchI considerations connected with the quality of the 
iTaters to be distributed, and the chemical nature and 
she physical configuration of the district to be operated 
npon. 

8W1. Untilwithin a very few years, the system adopted 
m Paris, the self-styled centre of European civilisation, 
for disposing of the fa;cal matters we in England 
^st wilh profligate waste into the ordinary water- 
Joursesofthe country, was in fact an organised i 
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of the foulest and most gigantic dc-svriptioii. ^| 
r night-carts, in fact, discharged tbeir contents ^^| 
B^Kries of basins at Montfaucoo, close to the bs^H 
F of Paris, on the north-east corner of tbe town^H 
there the said contents were allowed to desiccate b^H 
simple action of the snn and wind, giving off, of CS^H 
daring the operation miasmas of the most repi^H 
ebarncter. Some of the best quarters of Pari»^H 
within range of these minsmas, and some of the U^H 
hospitals of the town were equally within their j^H 
ence ; and fearful indeed were the ravages of gai^^| 
amongst the patients, when tbe wind Bet townrd^H 
hospitals from these huge collections of Mtfa.^^H 
last the municipality of Paris has, however, been Mff 
pelled to make a change in this matter ; and it may 1. 
suspected that the daily extending application of il' 
water-closet system has had much to do with il. 
alteration. The system now adopted is to bring :i' 
the carts to a large covered building near La Villeli ■ 
and there the more solid matters obtained from cti\: 
nary cess-pools are at once loaded into covered bargi-',- 
whilst the more hquid matters are received into lari 
reservoirs, to he thence pumped to an establishmcui 
situated at Bondy, at a considerable distance frui!' 
Palis, where botli the solid and the liquid matters ui' 
treatedfor the purpose of being converted into amanur 
which is highly esteemed in France, and sold under tiv 
name of j)OKdj'e((c, This conversion into a manure 
effected by a company, and it pays to the town n: 
Paris no less a sum than £5i00 per annum for lli' 
materials thus supplied to it ; hut it is not to be i'-- 
ferred from this fact that the inhabitants of Paiijjj 
gainers to the apparent extent indicated bytbedf 
above quoted, for tlie householders «re obUgedJ 
only to incur a very hea-yy outlay for the a 
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B-pools, bat also to paj very hesTily for their 

ced and emptied, Wh«n, in additioii to tfais, 

ise to the town of pamping the sewerage out- 

md; is taken into account, it mast be reason- 

nppose that the ultimate cost of tlie Freaefa 

dealing with those matters is at least as costly 

! adopted in our own countr>'. As to the nui- 

nth in private houses and in the maiiufactare 

lare, there cannot he a shadow of a doabt 

Buperiority of the system of remoTing boose 

means of water; provided always that means 

I same time adopted for preventing the latter 

loming in themselves sources of nuisance, 

ere formed at Croydon, Southampton, Hitebin, 

, Epsom, &.C. It is strange, however, and 

' more than a passing remaik, that the highly 

, but eentrtitsed body of Engineers who guide 

leadings of the munieipahty of Paris, were 

the men who retained as long as they pos- 

Id do so, the baibai'ous system of Montfancon, 

its gigantic evils ; wliilat every real improve- 

this important sectiou. of the duties of the 

■of towns has been introduced and carried into 

in our own country, where the profession of 

ering is open to the whole world, and, ontil 

It very short period, without any intervention on 

xt of the State. 

Tlie results of the pumping operations between 
lette and Bondy would merit consideration from 
of our- municipal authorities who are likely to 
nter similar difficulties ; and at the precise period 
publication of this Treatise tlie attention of the 
politan Board of Works might be especially 
ed to them. The pipe between the exU'emities 
! Paris works is about &i miles in length. 
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1 foot diameter, along which the liquid sewer^H 
forced by meims of a steam engine working some ^M 
pumps, at the rate of about 131 cubic jards per^H 
Very little difficulty ai'isea in practice, from th€^| 
racter of the matenals thus driven along the pip^H 
~ie interposition of two coarse strainers in its 1^| 
found to be sufficient to guarantee it from beco^| 
choked. A short account of the works thus refen^| 
M-ill be found in the " Annales des Fonts et Chaasi^| 
for the year 1854. ^M 

S03. The method of precipitating the fertilisin^H 
:rtiea of tlie town sewerage in a solid form lias|^| 
applied, in our own coiintry, in several modes whid^l 
Bummai'ilybe desciibed by saying that they consist <^| 
in a mere mechanical separation of tlie solid bodi^| 
Bnspension by a kind of rude filtration in the ^| 
adopted at Ely, or in a rude pre<pitation of the " 
pended, and of some of the dissolved matters, in ili 
style adopted at Leicester. The Ely system may be tol' 
rated for a time in the case of a small town dischargi-; 
its waters into a stream of considerable volume; but ■ 
even the most perfect filtration of sewerage waters mu 
still allow the waters impregnated with the ammonisi; 
matters they contain to pass into the outfall, not>^i''. 
must such a filtration fail to arrest the most vahuil'i' 
ingredients of town sewerage, but it must also leu 
the waters in a state nearly as objectionable as thai i^ 
which they were before being filtered. AtLeioesIc 
the operations of the Patent Manure Company ii'.^' 
conducted upon a much bolder, and apparently upo'i ■ 
far more logical system, than in any other case, but lii' 
practical results of the experiment have been comiii'-' 
cially disastrous iu the exti'eme. The system adoiiL' ■- 
there was to lead the town sewerage into a series " 
basins where it was mixed with a quantity of the uulli , 
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^e, anil allowed gi'adually to deposit or to preci— 
' ! the matters that agent was able to separate J 
ftccordiitg to the dilution of the sewerage matters the' 
ivaters remained a greater or lesser period in the depo- 
siting tanks, and from them it flowed apparently and 
practically clear into the water-courses of the district. 
It was originally supposed that the solid matters thrown 
down ill this manner would constitute a valuable 
manure, and that its sale would cover the expense of 
the operation ; unfortunately however, the manure thus 
obtained has so very small a commercial value that it. 
is hardly wortli removing, and no demand for it can h&.! 
said to exist. In fact, the failure of the Leicestel^! 
sewerage operations, in a commercial point of view, 
has been even more decided than that of the irrigation 
works at Hugby. There can be no doubt of the com- 
plete success of the Leicester system, so far as the 
purification of the water is concerned; but hitlierto the 
operation has been very far indeed from being self- 
Bupporting. 

994. Although BO little success has hitherto attendedi 
the efforts of those who have attempted to convei 
town sewerage into a remunerative article of commerce, 
there can be no doubt of the moral obligation of all 
municipal bodies, or private parties, to intercept tlie 
passage of bodies likely to contaminate the natural 
water-courses of the district in which the outfall of 
their sewerage is situated. The fulfilment of this obli- 
gation is a mere matter of expense, and no considera- 
tion of this description ought to be allowed to stand i 
the way of the prevention, or the removal, of a grei 
public nuisance; and it is to he observed that the 
arising from the discharge of sewerage into the streams 
cr natural drainage outfalls of the country is one of 
Jiaally increasing magnitude. Not onl^ iiid%&d.\ 
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there atendcmcy on the part of niodein civilised society 
to tluow upiin the sewers of towns duties or i'unetaoti; 
performed, eveu within a very recent period, by otliLi 
means; but the importance of the water-coui'sea i- 
sources of water supply iufireases with the very demiui 
for water occasioned by the same proceedings wliiii 
tend in tUeii- turn to increase the quantity, whilst tli, 
deteriorate the quality, of the sewerage. In ea^i. 
where the flow of the water is all in one direction Uiui 
may be less immediate danger in discharging seweiuL. 
into the ordinaiy outfalls of the district, than there i- 
when the removal of the refuse is opposed by artific ii 
or nutural impetliments to the flow, as for instanct i- 
locks, wears, or by tidal action. But even in such casir. 
or in the more strildng ones where the discharge >■; 
the sewerage takes place upou the sea shore, the evil- 
arising from the partial retention of sewerage matter-. 
are so gi-eat that it becomes the duty of the Englisl' 
legislature especially to provide some more efficient 
method than now exists of compelling the mumcipiil 
bodies entrusted with the management of the sewerni; 
to fulfil their duties in this matter. One of the lai'-' 
serious mistakes of the leaders of the late Geiier.i 
Board of Health consisted in -fact in the urgency v.'i'-' 
which they recommended and enforced, as far aa tin ; 
possibly could, the adoption of the water-closet eystn' 
without providing for the disposal of the refuse tlm 
removed, 

295. The nature of the soil of a toivn (referred to iv 
§ 291. as being likely to aS'ect the details of a system 
of sewerage) may influence the dimensions, and tiit 
materials to be employed, according as it may fiui' 
litate or impede the escape of land-waters or spring' 
Thus in many parts of London, and also in the nei;:- 
homhood of Southampton, there exist small elevst 
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zface strata of which consist of an impenneal^ 
: earth, lying upon a stratum of gravel and san«J, 
which in its tui'u, caps the stiff retentive blue clay of 
the English teitiaiy series. In many cases the uppei" 
eti'atum of brick eai'th is wanting, and the gi-avel forms 
the immediate surface stratum ; whilst in othei's again, 
both the brick earth and gravel are wanting, and the 
blue clay is entirely exposed. Now, if in such a diai] 
trict as either of those named, a large area shouJ 
be fouud presenting a section like that of Fig. 1, i 

PmSsh the portion between n and c would represei 
the brick earth; the lightly- shaded part between Ai 
and c D, the gravel ; and the dark lower stratum, t 
blue clay; the drains of the respective portions c 
longer slope towards c d e would require to be adapted 
to very variable conditions. Thus, tlie drains and 
sewers between b and c need only be made of such 
dimensions as should effectually suffice to remove the 
surface, and the house waters supplied by the district; 
but those to be formed between c and d, and still 
niore decidedly those to be formed below d, must be 
!ible not only to discharge the waters poured in from 
the upper district, and their own sewerage, but also to 
discharge the waters which filter through the exposed 
Borfaces of the gravel, and naturally discharge theia- 
Bfilves in the greatest abundance near d. Near Lon- 
don the exposed surfaces of gi'avel are generally so 
small, that the water yielded by them does not require 
e taken into account; for the dimenaio&a Ma-aaJix 



I jirai to the sewets, in order to enable them to ■ 
T stonn-waters, are more than sufficient to n 
B Btnta traversed by these springs, which are n 
Hj cbaracttfised by a certain degree of i 
their flow. At Soothampton, howeyer, the 
the KoperScisl gravel is, proportionally, mtieh great:, 
and it is found in that toim that, ai^er a continuitT 
of wet weather, the whole of the lower portions of ll. 
gravel become charged with water to such an est':: 
as to inundate the basements situated below the It^i< 
of the natural gronod, unless in such places as possi- 
aewera large enough to furnish a permanent outlet i 
the subterranean waters. 

206. In some parts of Paris the same phenomti 
occur on a larger scale, and with greater irregulmi: 
than in the cases above cited. A considerable ponii 
of Paris is, in fact, built upon a surface which originall 
constituted a marshy plain between the river and ih 
hills of BellevUIe and Montmartre. The low lands 
this district are composed of a calcareous formatiii 
called geolo^cally the lower firesh-water limest<ii; 
which allows water to infiltrate with great difficuln 
whilst the hill sides are formed of the gypsetm;' 
deposits with their associated marls, capped by a deei' 
stratum of sand and permeable sandstone, or occii* 
sionally by the upper fresh-water limestone resting ou 
these sands and sandstones. These sands occupy a | 
considerable breadth of the -country in the direction I 
towards Belleville, and tliey consequently receive » • 
copious supply of water during the rainy seasons. A' 
the same time the various hills present steep esoai|' 
ments, so that the storm-waters ffJling upon them i^^ 
escape with great rapidity, giving rise to ocoastd^H 

r>ods of great violence. In order, therefore, to obv^^J 
/ incDnvenieucc from th^^e i^ircomstances, the ii^^H 



ipting culvert, executed along the line of the greatest 
ipression of the low Ifinds, has been formed of much 
rger dimensions than the area it immediately drains 
ould appear to require. In spite of this precaution, 

ia by no means a rare occurrence that the basements 
' the part of Paris, near the egout de cehiture, are 
)oded during tlie rainy season, or on the occasion of 
olent summer rains. It is worthy of remark, that 
.e Cloaca Maxima of Rome was also designed, more 
r the purpose of relieving the subterranean waters of 
le low grounds between the seven hills, than for the 
scharge of the surface drainage. 

297. If the geological structure of the soil of a town 
ipear thus, in some cases, to increase the difficulties 

the way of the execution of its sewerage, there may be 
her cases in which it would produce precisely opposite 
suits, so far at least as the removal of surface waters 

concerned. Thus iu Weymouth, the portion of the 
\vTi constituting the ancient borough of Melcombe 
egis, ia consti'ucted upon a bed of shingle, which is 
fact nothing more than a bar thrown across the 
outh of the Wey. In order to remove the surface 
iters of this town, ail that is required to be done is 
form openings from the paved roads or courts into 

is shingle — absorbing wells in fact — and the waters 
imediately sink to the level of the sea. In some 
irts of Liverpool also, advantage is taken of tlie 
isorbent nature of the gravel to allow the surface 
aters to escape by filtering into it ; for occasionally 
e lower portions of the drains were formerly executed 
ith bricks laid dry, whilst they were only set in mortar 
I the tipper portions. Absorbing wells have, indeed, 
sen frequently used for the purpose of disposing of 
lOal drainage in gravelly and in fissured Hmeatone 
ktaiots ; and an attempt was evei\ m«.ie \a ^^^^^^^I 
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&c foul waters of one of the Paris abattoirs by a. we!] 
of that description; but as such nbsorbing wells 
miiBt eventually contaminate all the ordinary well^ 
deriving their supply from the water-bearing stratum 
thus communicated with, it seems to be almost impc 
rativc upon the guardians of the public health to jV' 
vent the execution of such wells, notwithstanding Lin 
private benefits they may occasionally confer. 

238, The configuration of a district (undor whicli 
term are comprised the general conditions of its divi- 
sion into subordinate districts of hill and dale) will al- ■ 
influence the details of the system of sewerage to I' 
adopted, insomuch as it may afi'ect the number, dlmF n 
sions, incliuatlona, and directions of the main sewer. 
New and distinct outfalls maybe required for the sevci.^' 
portions ; and as in many cases, in towns situated Df 
the banks of tidal rivers, one part may possess a co! 
stant discharge by gravitation, and the remainder iii. ■ 
only have an intermittent, or even an exclusively wu 
ficial, outfall, it may bo requisite even to treat tiir 
various portions of such towns in very different man- 
ners. The great scheme for the improvement of ihp 
London sewerage may be referred to as an illustrntii i 
of the practice of the ablest engineers in such ca^i 
and much useful infoi'mation with respect to the pri. 
ciples of town drainage may he obtained from v.i- 
varions discussions which have taken place on the sm 
ject; and perhaps more information is to obtaim ■ 
from these discussions than is usually the case, (.' 
account of the extraordinary amount of passion a" 
jealousy exhibited during their progi'ess. The followin;- 
seem to be amongst the most important lessons to '" 
derived from the investigation. 

S99. In towns presenting the configuration recenti, 
described, that is to say, \»a\m^& cQiisiderable p 
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i8 situated upon rising grow 
r either upon the level of high tic 
!, it is advisable to adopt the course iiBually 
1 di'aining important ngricultui-al diBtricts, or 
• form a large intercepting drain which should carry 
off the waters from the higher gi-ounds, in a permanent 
manner, so as not to throw anything into the drains of 
the lower district ; and then to deal with the waters of 
the lower districts, either by permitting an intermittent 
tidal discharge, or by raising them mechanically in a 
continuous manner. No doubt there would be economy 
in the introduction of an intermittent, or half tide 
discharge of the sewers, but such a system is objection- 
able, first, because it would render necessary 
construction of sewers large enough to contain 
waters ponded back between the periods of discharge 
and secondly, because if a storm ahould occur durin; 
the period of the retention of the waters, the basements 
of the houses in the district would in all probability be 
inundated. Practically it would appear that it would 
be preferable in such cases to provide at once for the 
artificial relief of the drainage of the low-lying districts, 
and to design the pumping apparatus required for that 
purpose upou the supposition that it should be able to 
raise to the permanent natural outfall in a constant 
equable manner, the maximum quantity likely to find 
its way into the sewers. The conditions it ia aubse- 
(jnently necessary to take into consideration in settling 
the dimensions of sewers, may be thus enumerated :— j 
1. The area of the district to be relieved, 
•2. Its population, both actual and prospective. 
8, The amount of sewerage furnished by the district;' 
and this, it ia to he observed, is calculated, 
fjondon, at the average rate of from D to 7 cubio 
feet per head of the population, per da.^ 
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4> The rftiii-flow to be removed, calculated at the rnfe 
of i" in 24 honra in the higher, ftnd of -t^ of an 
inch iu the lower districts. 
, The rain-flow and sewerage comhined. 

' 6. The accumulated amount of rain-flow and sewerage. 

7. The length of the sewer, in portions, in order iti 

accommodate its dimensions to the work required 

I to be performed in such district. 

U. The level of the invert of the sewer, its inclination 

■ and diameter, in bo far as they are likely to affect 
the rate and conditions of the Bow of the sewerage^a 
It may here be added that Mr. Hawkesley, (by t 
the best authority on the subject, practically and thflj 
retically.) gives as a rule for calculating the diamel 
of sewers in town districts, when the number of a 
to be drained = A, and the rate of inclination in fl 
per mile of the sewer, =-: n, were previously know 
the formula 3 log. A + log. n + 6'8 =^ log. of AiM 
meter of the sewer in inches. The constant 6'8 
be increased if the inclination of the surface sht^ 
naturally be slight. 

300. It ia essential to observe, in the constructi<fl 
sewers designed to hold water during any definite paj 
the day, that they should be made of sufficient strengi 

-^(lyresist the maximum hydrostatic pressure prodni 
by fibe water flo^ving from the higher portions of t' 
c ontr Jibuti ng area. As a general rule, however, eeid 
are mdJe likely to fail by the pressure irom witiM 
than froipi the internal pressure ; and it thenee follJ 
that the (node of executing the foundations, and l 
capabilities of the materials employed to resist <| 
crushing weight, must be carefully examined. It | 
usually considered advisable to place the main senOE 
of a town about from 10 to 12 feet below the surface^ 
the streets, and under these circametances it 13 ti 
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t> allow for Uie dead weight of the earth, and foB 
Concussions which may be produced by any passing 
oad. The usual thickness adopted for the maia 
lewers of London, is either 18 or 39j inches, and for 
lie submains 9 inches, at the crown, according to the 
liameter, and to the distance fi'om the surface ; but 
laturally this dimension is regulated by the quality 
)f the bricks or other materials used, and by the 
fransTerse section of the sewer. 

301. The principles which should guide the decision 
t8 to the transverse section, are, primarily, that the 
unallest possible wet contom- should be presented in 
jroportion to the area of the water flowing at v 
:)eriods in the sewer ; and, secondarily, that the section 
ihould be such as can easily be examined and repaired. 
The ordinary London submain sewers fulfil these con- 
Utions in a very remarkable manner, and they may b& 
ihus described. Their heights, from invert to intradoB, 
rary, according to the extent of the ai'ea, from 4 ft.- 
Sin. to 4ft,, 3ft. 9 in., 3ft. 6 in., and 3ft.^3 in. ; and 
the widths vary from 3 feet in the larger to 2 feet iir 
Lhe smaller sewers : the upper parts are semicirciilar, 
Lhe inverts are portions of circles of 18 inches in dia-^ 
meter, and the sides are portions of curves tangential*' 
to tie inverts and crowns. In such sewers, which, in 
Fact, roughly approach the form of an egg placed on its 
major axis, the frictional surface, in proportion to the- 
dverage hydraulic depth, is very small, and, on an 
emergency, it would be possible to send a workman 
Sown either of them, though of course it would be 
essential to take precautions against the effects of the 
Fonl air which might accumulate in them. The larg& 
main sewers of London are formed nearly upon the 
Same principle, and of a similar section to the sub- 

K; but in Paris the engineers still adhere, a.& t»s 
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I possible, to a rectangular section. It may be : 
i here to etate that the junctions of the submn^i 





■with the great arterial sewers are always made portin" 
of circles on plau, and that tlie levels of the axes of Hi 

»iDTerte are kept on the same hue 
SOa. A great deal of discussion has taken plact 
late with respect to the mtioduction of the glti?- 
fftoneware pipes, and, for a long time, it was even pr 
tended by the late General Board of Health, that i 
other mateiinl ought to be employed, even for the sin 
mains of the metropolis. These pipes were designad ■ 
no doubt, with the intention of creating a popn'i 
prejudice in their favour, as "self-cleansing;" wji;' 
the ordinaiy brick drains were as constantly call 
" sewers of deposit." Time and practical observati' 
have fortunately dispelled much of the evil resulting fr. ■ 
these exaggerations, and it is now generally admittui 
that) under the ordinary conditions which pw 
in our English towns, pipe drains are preferai 
^ hrick ones, so long as the diameters do not i 
^bcne foot in the clear ; that between one foot t 
^finches diameter, local considerations of econoi 
■ of superincumbent pressure must decide the s 
he adopted; and that above 1 foot 6 inches in dia 
there can he no hesitation in according the prefei 
^ to ordiaaiy hrickwoik, or to the use of iavert^l 
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r shape formed of fireclay, or of the blue Stafford- 
There is a question connected with the 
E(fpe-drains, which Is still involved in obscurity, 
her or not the nonabsorbent quality of the' 

B of which they are made be an indispeusable con- 
on of their success ? and this question was raised 
[i some degree of acrimony when the Aylesford 
es were first introduced into the London market. 
3 stoneware di'aiu-pipes made at Lambeth, it is 
iwn, are formed from a mixture of the clays of 
rsetshire and Devonshire, with broken shreds, and 
asionally with sand and flint ; and this mixture 
Dt at a proper temperature, yields a very dense, 
li-vitrifiecl, nonabsorbent material. The Aylesford 
es, on the contrary, are made from a clay containing 
lonsiderable proportion of carbonate of Hme, and 
y cannot, therefore, be burnt to the same degree as 

ordinary stoneware; but still they are burnt at a 
iperatnre which admits of their being salt glazed. 
>ni this circumstance the Aylesford pipes are mnch 
re absorbent than the stoneware pipes, and serionfi 
Ections were on that account made to the use of the 
ner, The truth of the matter appears to be that if 

sewerage waters should be likely to remain long in 
,tact with the drain-pipes, it would be preferable to 

the nonabsorbent material, rather than the more 
ous one ; not only for the purpose of obviating any 
iger from the escape of the sewerage through the 
ly of the pipe, 'out also because the stoneware pipes 

less exposed to be acted upon than the Aylesford 
es would be, by the dilute acids, which are so 
juently present in sewerage waters. If, however, 
re be a constant discharge, and a rapid fall in the 
ina, tile Aylesford i)ipes would be preferable to the 
oeware pipes, because they are less briUVe, iHi!!. \w.'s. 
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exposeJ to diaturtion in the kiln. In fact, discretion 
required in Uie selection of pipes, as in every otLn 
!ch of engineering; for occasionally even ecbim 
ica] coDsider&tions must be cast aside, as in lUu 
selection of drain-pipes, for some particular positn 
wliilst in others it would be folly to allow other 4 
economical considerations to influence the decision^ 

303. For house drains the experience of enj 
:iq»peiu's to prove that there is danger in using a Bta 
<diametcr than G inches, when more than one 1 
closet communicates with the drain; and here a 
is necessary to call attention to the mischief prodfl 
by the authorities of the late Board of Health, ' 
originally compelled the use of 3-inch house drum 
most of which have subsequently been remorecT 
Wherever it is possible so to do. it is advisable to \ 
give pipe drains a fall of 1 in 48 ; but under extra- 
ordinary circumstances, and with a very good sup)'!; 
of water, a maximnm inclination of 1 in 80 may I 
admitted for a 6-iiich drain. It is to be observed, 
however, that these great inclinations are required, 
rather for the purpose of preventing the accumulatii)ii 
of deposit of a bulky and light nature, than of prevenl- 
ing the deposition of heavier matters ; for a velocity 
about 21 to 3 feet per second will suffice to carry fi . 
ward the matters ordinarily suspended in the waters i'. 
large sewers. Moreover, as the house drains fall intii 
the sewers at a level which is only 1 foot above that of 
the axis of the invert (as a general rule), the rapid b 
above described is required in order to proteet i 
basements of houses from being flooded by 
Accidental accumulation of storm waters lu the sew 
1 304. One of the most important precautions tofl 
^observed in the execution of a system of house d 
is that luenns should be adopted to prevent the esq 
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^^nl air from the draios into the houses. All thflS 
^Seendiag pipes leading to the drains must be caxe-w 
folly ti'apped ; but as the foul air would force its wayl 
into the rooms, through almost any description of trap.l 
Unless an escape be provided for it without the hou8e,B 
it is equally essential to provide an outlet for thd9 
gases of the drains. One of the most satisfactory modesM 
of effecting this object is to connect a closely fitting ■ 
tain-water pipe, finishing at a level higher tlisn any I 
portion of the inhabited part of the house, with the J 
drains. In positions wherein the sewers are exposed B 
to be tide-locked, it is more than usually necessary tc>B 
observe the precautions above alluded to witli respect;! 
to their ventilation. m 

305. In addition to the remarks above made (§ 305.)^^ 
on the transverse section to be given to a sewer, it niay^ 
be added that the longitudinal fall must be at least;! 
Sut^ as to ensure a minimum velocity, in the water-B 
Sowing in it, of 2 feet 6 inches per second upon the I 
Actional sui-faee. According, therefore, to the kuown ■ 
laws of hydrodynamics, the larger the sewer, the less I 
Enay be its inclination ; but practically it is found I 
advisable to limit the longitudinal inclination of the I 
Babmain sewers to 1 lu 2i0. If it should be necessary I 
bo adopt a slighter inclination than this, it would be I 
aecessary to construct a number of side outi-ances, and I 
ftven to provide flushing gates, in order to remove any.B 
uicumulation of the solid matters which find their way.V 
into the sewers ; and that there is danger from this J 
Boarce must be evident, on reflection, from the fact tha#1 
in the London sewers even, where the flow of water isl 
BO enormous, there is at least 1 ton of manure suspended! 
in every 206 tons of water, according to the calculatioDB I 
of Mr. Wicksteed ; and Mr, Austm said, in his evidenca.! 
Mtue the Commission on the Healtli of Towils^ U\a!^ 



t proportionof solids to Uquide m sewers varia 
I'miiG to 1 ia 36 ; oud that ii-Dia 1 to 6< 
ift the smtkUest proportion consistent with i 
laaiutenance of the cleanliness of the a&v 
Wicltsteed, in one of his valuable Reports, 1 
some practical rules on the subject of the inulin,' 
of sewers which perhaps it may be advisable to i" 
here, as the results obtaiued bj a capable obaervei' i 
a very extended practice. After stating that in 
opinion no house drains should bo made less :. 
t< inches in diameter, and thatno combined back (!i 
should ever be made less than 9 or IZ inc)i<. 
diameter, he obsei-ved that a velocity of 180 fen 
minute, or 3 feet per second, would suffice to reiu.- 
the deposit of large sewers, but that a veloci^ < 
220 feet per minute was recjuired in pipe di'ains. E 
gave' the following table of the diametei-s of circuit 
sewers, with the velocities, and the gradientE necessar 
to keep them clear : — 
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VelMity, fntror mlnuta. 


cmMO. 


4 inches. 


240 feet. 


in 39 


fi „ 


220 „ 


I .. 86 


7 .. 


220 „ 


I „ 7« 


8 „ 


320 „ 


„ 87 


9 .. 


220 „ 


,. 98 


10 „ 


210 „ 


,. 119 


11 „ 


200 „ 


I „ 145 


12 ,. 


190 „ 


„ 175 


15 „ 


180 „ 


,,244 


IS „ 


180 „ 


„2»4 


21 „ 


180 „ 


„3M 


21 ,. 


180 „ 


„3»2 


SO ,. 


180 „ 


,,480 


38 „ 


180 „ 


,. 588 


42 „ 


180 „ 


,,686 


48 „ 


180 „ 


„ 784 


Si „ 

t 


1«0 „ 1 


,. 8S2 

1 



will be observed that the velocitiea coueidered by 
r. Wiuksteed to be desirable are greater than those 
mitted by other engineer; but the inconveDience 
oduced by the stoppage of sewers is so great, that it 
rtaiiily would be preferable to err upon the safe side 
id to adopt tlie greater inclinations. 

306. In concluding this portion of the Eudiments of 
ydraulic Engineering, it may be advisable to repeat 
bat haa been in fact already frequently mentioned ii 
Le text, viz. that there ai'e no invariable or inflexible 
,ws with respect to the application of the abstract 
leoretical principles upon which the science itself ia 
>unded. Local circumstances must always be taken 
trionsly into consideration, and must be allowed their 
Be weight, previously to deciding upon the details of 
ly works for the purposes of di'ainage, irrigation, water 
'■riply, or sewerage. But after all, it will be necessary 
for constantly to the general scientific laws aacer- 
1 1. (1 by the observations and experiments of engineers 
1.1(1 philosophers ; and these laws are, unfortunatelyi 
rery different indeed from the crude fancies of the so- 
ttlled sanitary reformers, who have lately presumed to 
'■i-fiw doubts upon the observations of their prede- 
■ irs, witliout being able themselves even to obsci've 
i-CL.tiy. Tlie best remedy to the evil produced by 
™a official empiricism will be foimd in the study of the 
peat masters of the science of hydraulics ; and for this 
lUrpose the reader is referred to the list of the mosl 
'steemed authors on that science, which will be foand 
:' the end of this series of Rudimentary Treatises. 
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